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Abstract
..

%Is report describes the NRC sponsored review of the MAAP code, version 3.0B. He primary objective of the
i review was to evaluate the MAAP code for its use in conjunction with activitics related to performance of an IPII

for operating reactors.

De review focuses on those aspects of an IPE that will be addressed with MAAP analyses, nan cly determination

of success criteria, the timing of key events, and containment response to severe accident loads. An important

finding of the r-view was that in general, MAAP is adequate for predicting thermal-hydraulic behavior prior to

clad damage. Ilowever, as the MAAP models contain a number of simplifications, the utilities should provide

justification for using MAAP if certain thermal.hydrautte conditions, listed in the report, are encountered.

He review confirmed that the utilities should not use MAAP for determining success criteria after clad damage.

After clad damage MAAP should be used to provide the utility with a framework for obtaining an understanding

of containment failure modes, the impact of phenomena and plant features, as well as operator actions. In this

role, MAAP analyses should be supplemented with sensitivity studies to ensure that the utility staff have an'

appreciation of the uncertainties surrounding containment performance during a severe accident. He review of

this aspect of MAAP's application to an IPE focused on the adequacy of the range of parameters previously

recommended for the sensitivity analysis.

He ranges of parameters previously recommended for MAAP sensitivity analysis by MAAP developers were

generally found to be adequate for reflecting the uncertainty surrounding severe accident issues. Ilowever, there

are a number of areas where added or enhanced sensitivity cases beyond those previously recommended could j

provide the utility with a more complete appreciation of the conditions which may be encountered during a severe !

accident. 'these added or enhanced cases are described in the main text of this report and summarized in the

executive summary,
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Executive Summary
,

i. q:

Hackgr.nund and Obie_cfhe j
1

=;

De Modular Accident Analysis Program (MAAP) computer code was developed as part of the industry response
..

1

to the post TMI.2 NRC initiatives related to severe accidents at nuclear power reactors. This development effort,
icmdertaken in conjunction with the Industry Degraded Core Rulemaking (IDCOR) Program, was directed at

providing industry with the broad analytical capability necessary to predict the progression of severe accidents. An

early version of the MAAP code was used to predict containment response and environmentalsource terms for ,;]
teveral accident sequences in a number of Boiling Water Reactor (BWR) and Pressurized Water Reactor (PWR)

plants as part of the IDCOR program. The results of these calculations and available experimentaldata formed

the basis for several technical meetings between the NRC and IDCOR. As a result of these meetings,in which the- .f
|" predictions of MAAP were compared with calculations performed by NRC sponsored codes and experimental: 1

data, a number of NRC/IDCOR Technical Issues were developed. Dese issues identified areas of significant
1phenomena,which involve considerable uncertainty, and where differences between the NRC sponsored codes and

MAAP were observed. These issues together with other considerations guided the development of subsequent i

)revisions of the MAAP code and also NRC sponsored codes. 1
i

.

In the Commission policy statement on severe accidents in nuclear plants, issued on August 8,1985, (50 FR
'

32138), the Commission concluded that systematic evaluations are beneficiat in identifying plant-specific '

0
.

vulnerabilities to severe accidents that could be fixed with low-cost improvements. With that in mind, the
'

Commission directed the staff to develop an approach to be implemented by utilities in performing plant specific

- evaluations. In response to the Commission directive, the staff issued to utilities Generic Lette:' 88 20 [E1],

I outlining the elements of the Individual Plant Examination (IPE) program. NUREG 1335 " Individual Plant .j

Examinations Submittal Guidance"[E2] was subsequently issued to aid the utilities in formulating their response to

the generic letter. -

'

I

!

It is now evident that industry analysis of a particular plant response to severe accidents and the associated

L phenomena, performed as part of th'c IPE program, willin part be based on MAAP code calculations. He NRC

staff therefore decided to undertake a review of the MAAP code using the assistance of Brookhaven National -

Laboratory (IINL). The review was intended to provide assurance that industry-generated IPEs, at least to the -

extent practicable, represent reasonable estimations of the progression of severe accident sequences and the plant

response to these sequences. The current version of MAAP is sponsored by EPRI, with developmental activities.
1

| being pursued by Fauske Associates Incorporated (FAI) and Gabor, Kenton, & Associates (GKA). 1

h
I

;
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~ This report describes the NRC sponsored review of the MAAP code, version 3.0B [E3]. Specifically, revision 7.0

for BWRs and revision 17.0 for PWRs were reviewed. The primary objective of the review was to evaluate the "

MAAP code for its use in conjunction with activities related to performance of an IPE for operating reactors.

Therefore, the review considered the guidance provided by GKA regarding sensitivity analyses for IPEs using

MAAP 3.0B [E4]. M AAP was evaluated to provide assurance that IPEs will be analyzed with a methodology

which adequately treats significant phenomena and reflects the uncertainty surrounding issues for which

confirmatory research is planned or ongoing.

Review Approach

Chronologically, the review was performed in three phases. The study began with a review of the models used in

M AAP based on the available documentation. Initially, the documentation supplied by the Electric Power

Research Institute (EPRI) was for MAAP 3.0 and consisted of a two-volume User's Manual. In addition, there

was an attachment consisting of descriptions of new subroutines added to MAAP 3.0 to create MAAP 3.0B.
,

Subsequently, a new manual for MAAP 3.0B was issued.11rce familiarization meetings between EPRI and NRC

staff and its contractor, IINL, were convened. The first meeting concentrated on in. vessel phenomena, the second

on ex-vessel severe accident progression and containment performance. The third emphasized the secondary

containment models, and presented the MAAP Design Review [E5] performed under the sponsorship of EPRI.

Responses to questions asked by NRC/IINL during these meetings were provided by Nuclear Management and

Resources Council (NUMARC).

'the second phase consisted of performing calculations with the MAAP and MELCOR [E6] codes for two severe

accident sequences, a Imss of All Electric Power Sequence in a BWR (Peach Bottom) and a Small Break LOCA

in a PWR (Zion). A meetingwas held between industry representatives and NRC staff to determine how the

numerical comparisons between MAAP and MELCOR were to be made. Subsequent meetings between Fauske

and Associates, Incorporated (FAI) and BNL helped to standardize the input deck descriptions. MELCOR

calculatiohs were made by UNL staff. MAAP calculations were carried out by FAI and the results fcrwarded to

BNL. A consensus was reached on further MAAP calculations that should be made (sensitivity runs) to help

explain the differences observed in the MAAP-MELCOR base comparisons.

Consequently the third phase focused on performing a series of sensitivity calculations with MAAP, conducted by

FAI, in order to assess the effect of varying a number of model parameters.

..

The assessment of the MAAP code relied on available state of the art information regarding severe accident

phenomena. The BNL reviewers were familiar with past und ongoing efforts in the reactor safety community to

refine understanding of the events which could potentially occur in a severe accident. Wherever possible,

viii
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experimentaldata related to the particular phenomenon under consideration was included in the evaluation of the
>

code modeling. Clearly however, there are still many aspects of severe accident conditions, and containment

performance under these conditions, for which data is lacking. To some degree, sensitivity analyses can be used to

account for uncertaintyin basic modeling assumptions. The appropriatenessof the range of these sensitivity

analyses was again based on available data, and comparison against other modeling approaches. Comparing

MAAP results with MELCOR calculations for the same initial conditions also helped in establishing sensitivity

ranges, since MELCOR represents an attempt, independent from MAAP, to integrate available information

into a consistent model for severe accidents.

t

Review Findings -

The review focuses on those aspects of an IPE that will be addressed with MAAP analyses, namely determination

of success criteria, the timing of key events and containment phenomena related to severe accidents. Utilitics may

wish to use MAAP to predict the time from accident initiation to the time of clad damage for the purposes of

determining success criteria for quantification of the Level 1 (core damage frequency estimate) part of an IPE.

Hus an important aspect of the review was to determine how well MAAP models the loss of coolant inventory for

a range of initiating events (i.e., transients or LOCAs). An important finding of the review was that in general,

M AAP is adequate for predicting thermal hydraulic behavior prior to clad damage unless certain thermal-hydraulic

conditions are encountered. These are:

1. The break location gives rise to a quasi steady state two phase flow condition (BWR/PWR).

2. The RPV water level and vessel flow conditions may expose the fuel to departure from nucleate boiling (DNB)

conditions while MAAP continues to predict adequate core cooling (BWR).

3. The reactor has not scrammed (fuel stored energy will not be released)(BWR/PWR).

4. Clad temperature is above 1200*K (BWR/PWR).

(Additional details are provided in Section 2.1.) As the MAAP models contain a number of simplifications,the

utilities should provide justification for using MAAP if these thermal hydraulic conditions are encountered.
.

t

The review confirmed that the utilitics should not use MAAP for determining success criteria after clad damage

(e.g., to determine whether or not a core can be successfully reficaded after extensive fuel melting has occurred).

Therefore,after clad damage MAAP should be used to provide the utility with a framework for obtaining an

understanding of containment failure modes, the impact of phenomena and plant featurcs, as well as operator

actions. In this role, MAAP analyses should be supplemented with sensitivity studies to ensure that the utility staff

has an appreciation of the uncertaintics surrounding containment performance during a severe accident.

Therefore, the review of this aspect of MAAP's application to an IPE focused on the adequacy of the range of

parameters recommended [E4] for the sensitivity analysis,

lx
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It should be noted that, even with extreme variations of the parameters available in MAAP, some severe uccident

phenomena cannot be addressed. An example is the pptential for local detonation which strongly depends on gas

mixing,i.e., stratification and local concentration of detonable gases. Because of its fixed coarse containment

nodalization and fixed flow paths, MAAP cannot address these issues. This is recognized in the MAAP guidance

document. Another exampic is direct containment heating (DCII), which is not modelled for BWRs and is treated
,

, ,

with a parametric model for PWRs. In accordance with GL83-20, quantification of DCII in an IPE is not

required. Therefore,we have not judged the adequacy of the MAAP DCII model. *

The ranges of parameters recommended [E4] for MAAP sensitivity analyses were generally found to be adequate

for reflecting the uncertainty surrounding severe accident issues. Ilowever, there are a number of areas where

added or augmented sensitivitycases (beyond those recommended in Reference E4) are recommended. These

recommendations are based on an examination of available MAAP sensitivity analyses, limited comparison with

MELCOR, and consideration of phenomenological uncertaintics. We believe that these recommendations will

provide the utility with a more complete appreciation of the conditions which may be encountered during severe

accidents. Ilowever, the synergistic effects associated with severe accident behavior make it difficult to ensure that

allimportant sensitivitiescan be forecast for the entire spectrum of severe accidents. These additional sensitivity

cases are in the following six areas:[ Note: other recommendations, insights, etc. are contained in Section 2]

'

-1. In the area of in. vessel hydrogen generation, Reference E4 makes different recommendations for the BWR and

PWR versions of MAAP. For the PWR version of MAAP, no blockage (FCRULK=0) and single-sided clad

oxidation were recommended. He PWR model, however, considers the effect of accumulated materialon flow

area and can thereby block flow. The PWR model also includes consideration of clad ballooning. These input

options were judged to be adequate and no additionalsensitivity cases were recommended for the PWR version

of MAAP. Ilowever, for the BWR version, local blockage (FCRDLK=0) and single-sided clad oxidation were

recommended. Clad ballooning is not modeled. Herefore, for the BWR version of MAAP it was considered

prudent to (1) recommend a base case with single sided clad oxidation and no local blockage (FCRDLK = -1),

(2) use the single sided clad oxidation with local blockage as a sensitivity case, and (3) add a second sensitivity

case with no local blockage and double-sided clad oxidation to provide an upper bound on the potential for in.

vessel hydrogen generation.

2. In-vessel core relocation is an area of significant uncertainty and Reference E4 recommends sensitivity cases to

address this important issue. Sensitivity studies with the PWR version of MAAP for a model parameter,(which

represents the cutectic heat of fusion of the core materials) showed that it can have a significant impact on

debris distribution between the reactor core, the cavity, and the lower containment compartment after reactor

vessel failure. One of the sensitivity cases, calculated in Reference E7 but not recommended in E4, showed

that all of the core debris would be released from the vessel compared with about 70% of the core in the base .

I

case and that the tirne to containment failure was reduced by several hours [E7). Because of the apparent )
l

I
w . )

|
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sensitivityof this parameter, a MAAP calculation should be performed using the upper value
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sensitivityof this parameter,a MAAP calculation 'should be performsd using the upper value of the uncertainty

range suggested in the M AAP sensitivity study [E7]. Limited sensitivity studies with the eutectic heat of fusion -

parameter, previously carried out with the BWR version of M AAP did not indicate as significant a sensitivity as

was found for PWRs. Moreover, for BWRs, this sensitivity calculation is believed to be covered by other BWR

recommended sensitivities. Ilowever, because (1) the eutectic heat of fusion is a true physical uncertainty,(2) -

not all DWR containment types and accident scenarios were investigated in detail to ascertain this parameter's

quantitative significance, and (3) for the sake of consistency, this sensitivity calculen is also recommended for

DWRs. A further sensitivity case regarding core relocation also applies to both HWRs and PWRs. Reference

[E4] recommends that the core melt fraction necessary to transport all the core materialfrom the vessel at

RPV failure be varied as a sensitivity case for at least one sequence in IPEs performed for BWRs and PWRs.

Given the potential sensitivity of this modeling assumption it is recommended that this sensitivity be performed

for each of the representative sequences in an IPE in which the RPV fails before the containment does.

3. Sensitivity studies with the PWR version of MAAP [E7] showed that during sequences where the reactor

coolant system (RCS) remains at high pressure, changing the in-vessel natural circulation configuration

(controlled by an input model parameter) could shorten the time to containment failure by several hours. The

MAAP guidance document states that "for most plants" (i.e., Westinghouse plants) the parameter should be set

to 7ero; no uncertainty analysis is recommended. For "H&W plants and perhaps some others," the parameter

should be set to one. An uncertainty analysis is recommended for a high pressure station blackout sequence.

This general guidance is not adequate regardless of reactor design. We conclude that, absent a demonstration

of the applicability of the natural circulation flow parameter chosen, all plants should perform thc ocasitivity

case. Also,if calibration of the MAAP model against the We:tinghouse two component tests indicate the

presently-used range of parameters FAOUT and IWIIL is not adequate, additionalsensitivity studies may be

required.

4. In the area of hydrogen combustion, Reference E4 makes several recommendations for sensitivity analyses .

related to auto-ignition, jet-burning, and the reliability of igniters. Rese recommendations are adequate for '

IPE application. liowever, no recommendationswere made for the flame flux multiplier. This parameter

influences combustion completeness, combustion duration, and therefore, the pressure rise due to combustion.

Benchmark calculations reveal that due to the uncertainty of this parameter, the MAAP model underpredicted

the combustion completeness and duration, relative to test data, in many cases. In a discussion of the MAAP

combustion model for Advanced Light Water Reactors (ALWRs), Plys and Astleford [E8] suggested that if a

sensitivity analysis is desired, the recommended value of the llame flux multiplier should be varied and the

range of variation was provided. The flame flux multiplier should therefore be varied over this same range (see

page 6-2) for those accident sequences in an IPE for which combustion plays an important role in primary

containment failure. Combustion may be an important consideration in IPEs for BWRs with Mark 111

3
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containments (or for the times when the other BWR containment types are de-inerted) and for PWRs with ice

Condenser containments and for some PWRs with large dry or subatmospheric containments.

I

5. Several recommendationswere given in Reference E4 for MAAP sensitivity cases related to cors/concreteAvater ||
lateractions. These recommendationsinclude consideration of items such as the amount of floor area the

corium might occupy and the mode of heat transfer between the corium and an overlying water pool. These

input options were found to be adequate for application of the PWR version of MAAP to an IPE. Ilowever,
,

for BWRs, the effects on CCI from the corium spreading in the drywell, and from ablated concrete of vertical

surfaces contacted by the corium pool, need special consideration. The MAAP user should ascertain if, for the

representative sequences being analyzed, the volume of the corium would be sufficient to spill over onto the -

drywell floor. Elis is important for sunken (pedestal floor is lower than drywell floor) pedestal floors. If the

drywell floor does receive corium, than we recommend a base case where the corium is restrained to a drywell

floor area of 1/4 of the true drywell floor, and a sensitivity case where the corium is permitted to spread

throughout the drywell floor. This applies to all BWR containment designs with the exception of a Mark 11

containment exposed to a low pressure RPV meltthrough. For the latter case, MAAP 3.0B already accounts

for possible corium flow channeling based on the manways connecting the drywell and pedestal regions. It

i - should be noted that reference E4 does presently recommend a sensitivity for a Mark I containment where the

base case is assumed to be full drywell floor spreading of the corium and the sensitivity restricts the corium in j

the drywell to 1/4 of the drywell floor. We have recommended the base case to be the restricted corium flow

case because it is generally consistent with the approach in NUREG/CR.5423,"The Probability of Liner Failure

in a Mark I Containment,"Theofanous,T.G., et al., August,1991.

In addition,we recommend that a modification to MAAP 3.08 Rev 7.0 (BWR version) be made to calculate-

the effect of allowing the full sidewall gases to react with the corium pool. BNL recommends the modelling

enhancement be part of the base case (see Sections 3.3.2.4 and 6.2.1),
i

For high pressure RPV meltthrough, MAAP 3.0B for BWR use does not include a Dicect Containment

IIcating model. The BWR version of MAAP 3.0B is capable of performing a calculation of the containment - :

response for a high pressure sequence and we have reviewed this model. Ilowever, we cannot judge its

acceptability due to bd of televant experimentaldata for BWRs to serve as the basis for an assessment.

Rather, the NRC has in the past recommended, and continues to recommend, that utilities address high

pressure RPV failure sequences according to the guidance in GL 88-20 and its supplements 1 and 3. In

particular, NRC has emphasized enhancement of ADS reliability.

6. For ATWS scenarios in BWRs, UNL recommends that a sensitivitycase be performed using the user-supplied

power versus level curve option in MAAP. It is our belief that the uncertainty in any chosen power vs. level j
curve employed for the base case used in the IPE necessitates a detailedjustification of the curve, such as a I

xii
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detailed TRAC analyses._ Otherwise, we recommend a sensitivity case be performed where the power vs. level

. curve is adjusted as discussed in Section 23.2, p. 2-6. Since ATWS scenarios are in generalless significant for,

PWR plants than for IlWRs, this sensitivity calculation is not requested for PWRs.
!

Concitisions

In t,ummary, MAAP 3.0B was in general found adequate for determining success criteria from accident initiation

to the time of clad damage unless certain thermal hydraulic conditions exist. These are:
'

1. He break location gives rise to a quasi steady state two-phase flow condition (BWR/PWR).
.

2. He RPV water level and vessel flow conditions may expose the fuel to departure from nucleate boiling'(DNil)

conditions while MAAP continues to predict adequate core cooling (BWR).

3. He reactor has not scrammed (fuel stored energy will not be released)(DWR/PWR).

4. Clad temperature is above 1200*K (BWR/PWR).

The utilities should justify the use of MAAP if these thermal hydraulicconditions are encountered during this time .
-

phase. M AAP 3.0B should not be used for determining success criteria alter clad damage (e.g., to determino

whether or not a core can be successfully reflooded after extensive fuel melting has occurred). After this time,

MAAP should be used to provide the utility with an appreciation of the uncertaintiessurrounding containment

performance during a severe accident. The MAAP sensitivity studics tecommended [E4] for performing an IPE

were in general found adequate. A relatively small number of additional sensitivity studies are recommended as

described atxwe and in Section 2.
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1 Introduction and Approach

1.1 Background

The Modular Acciden'. Analysis Program (htAAP) computer code was developed as part of the industry response

to the post TMI 2 NRC initiatives related to severe accidents at nuclear power reactors. This development effort,

undertaken in conjunction with the Industry Degraded Core Rulemaking (IDCOR) Program, was directed at

providing industry with the broad analyticalcapability necessary to predict the progression of severe accidents. An

early version of the MAAP code was used to predict containment response and environmentalsource terms for

several accident sequences in a number of Boiling Water Reactor (BWR) and Pressurized Water Reactor (PWR)

plants as part of the IDCOR program. The results of these calculations and available experimentaldata formed

the basis for several technical meetings between the NRC and IDCOR. As a result of these meetings,in which the

predictions of MAAP were compared with calculations performed with NRC sponsored codes and experimental

data, a number of NRC/IDCOR TechnicalIssues were developed. These issues identified areas of significant

phenomena, which involve considerable uncertainty, and where lifferences between the NRC sponsored codes and

MAAP were observed. These issues, together with other considerat!ons, guided the development of subsequent

revisions of the MAAP code and also the NRC sponsored codes.

In the Commission policy statement on severe accidents in nuclear plants issued on August 8,1985, (50 FR 32138),

the Commission concluded that systematic evaluations are beneficialin identifying plant-specificvulnerabilities to

severe accidents that could be fixed with low cost Imptovements. With that in mind, the Commission directed the -

staff to develop an approach to be implemented by utilities in performing plant specific evaluations. In response

to the Commission directive, the staff issued to utilities Generic Letter 88-20 [1], outlining the elements of the

Individual Plant Examination (IPE) program. NUREG-1335 " Individual Plant Examinations Submittal Guidance"

[2] was subsequently issued to aid the utilities in formulating their response to the generic letter.
.

.

It is now evident that industry analysis of a particular plant response to severe accidents and the associated

phenomena, performed as part of the IPE program,willin part be based on MAAP code calculations. The NRC ;

staff therefore decided to undertake a review of the MAAP code using the assistance of Brookhaven National i
Laboratory (llNL). The review was intended to provide assurance that industry generated IPEs, at least to the ' |

extent practicable, represent reasonable estimationsof the progression of severe accident sequences and the plant

response to these sequences. The current version of MAAP is sponsored by EPRI, with developmental activities

being pursued by Fauske Associates incorporated (FAI) and Gabor, Kenton, & Associates (GKA).

s I
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-1.2 Objective

This report describes the NRC sponsored review of the MAAP code, version 3.0B [3], The primary objective of

.the review was to evaluate the MAAP code for its use in conjunction with activities related to performance of an

IPE for operating reactors. Therefore, the review also considered the guidance provided by GKA r:garding

sensitivity analyses for IPEs using M AAP 3.0B [4).

It should be noted that there are several revisions to MAAP 3.0B. He differences among revisions can ;

significantly affect code predictions. Herefore,it is important for the utilities to clearly identify which revision of

MAAP 3.0B was used when their IPE was conducted. BNL reviewed revision 7.0 for BWR plants and revision
'

17.0 for PWR plants. The comments in this report apply to these revisions but may not all be applicable for other

revisions.

It should also be noted that MAAP 3.0B contains significant modifications and improvements relative to the early

versions of MAAP used in the IDCOR program. An element of the review was therefore to assess how MAAP

3.0B addresses the NRC/IDCOR issues [5] Another element of this program was to compare the analytical

models in the MAAP 3.0D code with their counterparts in the NRC developed MELCOR [6] code.

MAAP was evaluated to provide assurance that IPEs will be analyzed, to the extent practicable,with a

methodology which adequately treats significant phenomena and reflects the uncertainty surrounding issues for

which confirmatory research is planned or ongoing. It must be emphasized that this review concentrated on

evaluating MAAP 3.0B for its use as an IPE tool. This report therefore focuses on those aspects of an IPE that

will be addressed with M AAP analyses, namely the timing of key events and containment response to severe

ac:ident conditions. Utilitics may want to use MAAP to predict the time f om accident initiation to the time of

clad damage for the purposes of determining success criteria for quantification of the Level 1 (core damage

frequency estimate) part of an IPE. Thus an important aspect of our review was to determine how well MAAP

models the loss of coolant inventory for a range of initiating events (i.e., transients or LOCAs). We envision that

MAAP will also be used to provide the utility with a framework for obtaining an understanding of and
.

"

!

appreciation for containment failure modes, the impact of phenomena and plant features, as well as operator

actions. In this role, MAAP analyses are expected to be supplemented with sensitivity studies to ensure that the

utility staff has an appreciation of the uncertaintics surrounding containment performance during a severe

accident. Derefore,our review of this aspect of MAAP's application to an IPE focused on the adequacy of the

range of parameters recommended [4] for the sensitii sty analysis.

.

The purpose of the review was to evaluate the mode's in MAAP 3.00 and their sensitivity to parametricvariations. '

A line by line review of M AAP coding was not p-dor:ned.

1-2
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1.3 Approach
<

Chronologically, the review was performed in three phases. The study began with a review of the models used in

MAAP based on the available documentation. Initially, the documentation supplied by the Electric Power

Research Institute (EPRI) was for MAAP 3.0 and consisted of a two-volume User's Manual. In addition, there

was an attachment consisting of descriptions of new subroutines added to MAAP 3.0 to create MAri '.08.

Subsequently, a new manual for M AAP 3.0B was issued which contained many revisions to the previou -

documents and therefore, required additional evaluation.

Three familiarization meetings between EPRI and NRC staff and its contractor, BNL, were uvened. The first

meeting concentrated on in-vessel phenomena, the recond on ex. vessel severe accident progression and

containment performance. The third emphasized the secondary containment models, and presented the MAAP

Design Review performed undei the sponsorship of EPRL Responses to questions asked by NRC/BNL during

these meetings were provided by Nuclear Management and Resources Council (NUMARC). As a result of this

phase BNL issued a number of draft technical evaluation reports (TERs) which addressed the modeling aspects of

MAAP. Separate draft TERs were written for the BWR and PWR reviews. The information in these TERs is

contained in Appendices A and B of this report.

The second phase consisted of performing calculations with the MAAP and MELCOR codes for two severe

accident sequences, a Loss of All Electric Power Sequence in a BWR (Peach Bottom) and a Small Break LOCA

in a PWR (Zion). A meeting was held between industry representativesand NRC staff to determine how the

numerical comparisons between MAAP and MELCOR were to be made. Subsequent meetings between Fauske

and Associates, Incorporated (FAI) and DNL helped to standardize the input deck descriptions. MELCOR

calculations were made by HNL staff. MAAP calculations were carried out by FAI and the results forwarded to

BNL The results of the numericalcomparisons were the subject of two'additionaldraft BNL TERs which are

documented in Appendices C and D. The results differed sufficiently so that a consensus was reached on further

MAAP calculations that should be made (sensitivity runs) to help explain the differences observed in the M AAP-

MELCOR base comparistms.

Consequently the third phase focused on performing a series of sensitivity calculations with MAAP in order to

assess the effect of varying a number of model parameters. These calculations were detailed in another two draft

BNL TERs, and the results are contained in Appendices E and F of this report.

The present report documents the findings of the above phases and makes a recommendation on the applicability.

of MAAP 3.0B for IPEs.

|
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As the discussions in the subsequent sections of the report indicate, the assessment of the MAAP code relied on

available state of the art information regaiding severe accident phenomena. He BNL reviewers were familiar with

past and ongoing efforts in the reactor safety community to refine understanding of the events which could

potentially occur in a severe accident. Wherever possible, experimentaldata related to the particular phenomenon ;
'

under consideration was included in the evaluation of the code 59deling. Clearly however, there are still many

aspects of severe accident conditions, and containment performance under these conditions, for which data is ~

lacking. To some degree, sensitivity analyses can be used to account for uncertainty in basic modeling

assumptions. He range of these sensitivity analyses as recommended in this report are again based on available

data, and comparison against other modeling approaches. Comparing MAAP tesults with MELCOR calculations

for the same initial conditions also helped in establishing sensitivity ranges, since MELCOR represents an attempt,

independent from MAAP, to integrate available information into a consistent model for severe accidents.

1.4 Organization of the Report

Section 2 highlights the principalissues regarding the application of MAAP for IPE analysis: the use of MAAP for
'

establishing success criteria prior to clad damage (Section 2.1), the application of MAAP for containm-nt

performance analysis (Section 2.2), and the application of MAAP in analyzing representative sequences expected

to be found in an IPE (Section 2.3). This last section summarizes the additional sensitivity cases recommended for

the performance of an IPE as a result of this review.

Section 3 discusses the technicalissues for IPE severe accident analysis. This section deals principally with

accident progression modeling and containment performance issues. The models in MAAP for various severe

accident phenomena are considered and assessed based on current understanding of such phenomena.

Comparable models in MELCOR are also discussed.

i
'

Section 4 is concerned with i3AAP s modelling of fission product release and transport. The pertinent models in .

MAAP are described and some comparisons are drawn with MELCOR models. To some extent, fission product

calculations will play a role in IPE assessments, as indicated in NUREO-1335 [2]. Some utilities may want to

utilize MAAP to support their analyses in this area. Therefore this section is included for completeness.

The timing of significant events as calculated by MAAP and MELCOR for the same ace.ident sequences is

compared in Section 5. The two sequences considered are a Loss of All Electrical Power accident in a BWR Mark

I plant, and a Sma!! Hreak LOCA in a Westinghouse type PWR plant with a large dry containment.

.
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Section 6 summarizes the results from a number of sensitivity calculations performed with MAAP for this review,
,

and from a previous study. His section, along with the model discussions of Section 3, provides the basis for the

[ ' additional IPE sensitivity cases recommended in Section 2.3.,

Section 7 summarizes the review and presents the conclusions.

The Appendices provide additional detail for the material presented in the main report. Appendices A and Il

state the findings of the literature review of documentation related to MAAP severe accident modelling. There

' are two appendices because there are separate PWR and 13WR versions of MAAP. His duality in the appendices

extends to the numerical comparisons documented in Appendices C and D, and the sensitivity calculations

presented in Appendices E and F.

<
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2 Accident Progression Issues for IPE Analysis

2.1 Use of MAAP for Success Criteria Before Clad Damage
.

Licensees are expected to make use of MAAP during their IPE analyses to determine the time from accident

initiation until critical fuel temperatures are reached. The times for key events calculated by the code during this

early phase of an accident will provide a guide for determiningwhether a particular accovery action, taken to

reestablish core cooling, can be carried out before clad damage occurs, it is expected that MAAP calculations will

also be used to determine how fast invento y is lost from the reactor coolant system (RCS) and what the flow

requirements are for successful recovery. Therefore, an important focus of the review was on modeling in MAAP

which is significant for core heatup and for RCS inventory loss during this phase of the accident.

The following limitations were found in the relevant models:

1. He fuel pin thermal model has a single temperature node, which represents thermal conditions for the

fuel pellet, fuel cladding, and in the BWR version, fuel channel material. Since the capacitance of the fuel

pin is large in comparison to the fuel cladding, the MAAP model will underpredict the clad heatup rate

once clad oxidation power exceeds decay power.

2. For the M AAP versions reviewed, there is no two-phase critical flow model for Reactor Pressure Vessel

(RPV) breaches. His could result in a large error in RPV inventory loss when the breach is in a volume

containing a two phase mixture or froth region.

3, Complicated flow patterns may occur in a BWR RPV under natural circulation conditions, but may not be

predicted accurately with MAAP due to lack of a slip model outside the core region. MAAP utilizes a

single pressure node for the entire RPV, but does attempt to predict natural circulation based on density-

weighted water columns within and outside the core shroud. His model, however, may not be accurate

enough under some conditions where slip and two-phase frictional multipliers can become important. <
,

4. MAAP lacks a comprehensive heat transfer package for the core region. The code does not predict

departure from nucleate boiling.

5. Fuel stored energy is a user supplied value,which is released at a code-specified rate after scram. Power

reductions alone (as may occur in an NIWS Scenario) will not release this energy. .|
-

l
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| : Given the above,if the following conditions are predicted to occur during an accident, the utility performing the

IPE should provide justification for using MAAP 3.0B to predict success criteria for the accident time phase before

clad damage: 1

'

' 1. The break location gives rise to a quasi-steady state two-phase flow condition (BWR/PWR).

' 2. The RPV water level and vessel flow conditions may expose the fuel to departure from nucleate boiling

(DNB) conditions while MAAP continues to predict adequate core cooling (BWR).

3. The reactor has not scrammed (fuel stored energy will not be released)(BWR/PWR).

4. Clad temperature is alxwe 1200"K (BWR/PWR).

In order to establish success criteria for terminating an accident which has progressed beyond clad damage,

complex thermal hydraulic and chemical processes would need to be modeled in a computer code. This modeling

would need to provide confident estimates of the time windows for action and of the flow rates sufficient for

cooling that would be accurate enough for comparison with operator response time and equipment capability

estimates. Based on these considerations,we believe MAAP should not be used for determining success criteria

after clad damage,i.e., to determine whether a core can be successfully reflooded after fuel damage or if an

accident can be arrested ex vessel.

2.2 Application of MAAP for Containment Performance Analysis .

.

The primau use of M AAP after clad damage is for predicting containment failure modes, and estimating the

ranges of the challenges produced by severe accident phenomena. The range of significant containment loads can

be gauged and an analyst can use the code to help in quantifying a containment event tree. Utilities can use the

code to acquire an understanding of the advantages and disadvantagesof particular plant features as well as

operator actions. In this way, the application of the MAAP code can help in achieving the IPE objective of

identifying specific vulnerabilities for a particular plant. .

The users of the code are encouraged and expected to perform sensitivity studies for the containment performance

part of the analysis. 'Iherefore,the review concentrated here on the adequacy and appropriateness of the range of

parameter variation called for :n the MAAP Users Manual [3] and the MAAP IPE Guidance Document [4]. '

Comments regarding the suitability of the guidance provided in References 3 and 4 are found throughout this

report,

While providing an understanding of containment failure modes and timing is the primary objective of an IPE,

analysis, knowledge regarding radioactive material release and transport through the reactor coolant system, the

containment, and the auxiliary buildings nuy also be of interest [2]. It is possible that utility analysts may want to

2-2
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use MAAP calculations as part of their source term estimates. In anticipation of such use of the code, and for
'

technical completeness, this review also addresses modeling issues in MAAP related to fission product release and

transport. nese issues are briefly discussed in Section 4 of this report.

'23 ' Application of MAAP in Representative IPE Atcident Sequences

1

2.3.1 Introduction

| In order to enhance the value of this report as a reference for a reviewer of an IPE, recommendations are listed in
o.

this section regarding the use of MAAP, for particular representative sequences likely to be found in an IPE. He

scope of the present examination of MAAP permitted a detailed investigation of the results obtained with MAAP
"

for only two sequences: a small break LOCA sequence in a PWR plant, and a loss of all electric power se.quence

in a BWR plant. Ilowever,information from these two calculations, as well as the conclusions obtained from the .

examination of the important models in MAAP and sensitivity calculations performed by others [7], can be used as I

a basis for some general recommendations for the use of MAAP in analyzing different types of representative
''

sequences.

IPE Reviewers should ensure that the utility submitting an IPE carried out the applicable sensitivity studies
...

recommended in the GKA Guidance Document [4). There is no reason to repeat those recommendations here.

Ilowever, there are a number of areas where BNL feels that additionalsensitivitycases or enhancements of cases

recommended in the Guidance Document, clarification of the Guidance Document [4] or cautions are appropriate.

The additional sensitivity cases are outlined below. The rationale for their application is provided in the discussion

of the pertinent models in Section 3 and in the sensitivity analysis in Section 6 of this report,

in general, the representative sequences which will be chosen during the performance of an IPE can be placed in 9

one of the following five accident classes. -

|
. H

I loss of Reactor Cooling resulting in failure of the Reactor Coolant System (RCS) when the O

containment is intact
'

,;

q
11 less of Containment Cooling resulting in failure of the containment before RCS failure '

,

til Accelerated less of Reactor Cooling resulting in rapid failure of the RCS (possibly due to a large

LOCA) before containment failure-

!
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IV Loss of Reactivity Control (i.e., ATWS) which can result in acceleratedloss of containment before

; RCS failure
i

V Unisolated Bypass of the Containment (i.e., steamline breach outside primary containment or *

.

interfacing LOCAs)

2.3.2 Additional llWR Sensitivity Cases

Class I Loss of Reactor Cooling (RCS Fails Before Containment)

The BWR hlark I sequence calculated with htAAP during this review (loss of all inventory makeup) falls into this

category. Results from this case show that the generation of 11 in-vessel and effects of core concrete interaction3

(CCI) are the two major uncertaintics. For in-vessel hydrogen generation in a BWR, BNL recommends a base

case calculated with single sided clad oxidation and no local blockage. BNL further recommends two sensitivity

calculations: one with two-sided clad oxidation and no locai blockage, and one with single-sided oxidation with '

local blockage. Discussions regarding this recommendation can be found 'e. Sections 3.2.1 and 6.2.2.

Several recommendationswere given in Reference 4 for h1AAP sensitivity cases related to core / concrete / water

interactions. These recommendations include consideration of items such as the amount of floor area the corium

might occupy and the mode of heat transfer between the corium and an overlying water pool. 'These input options

were found to be adequate for application of the PWR version of htAAP to an IPE. Ilowever, for BWRs, the

effects on CCI from the corium spreading in the drywell, and from ablated concrete of vertical surfaces contrated

by the corium pool, need specialconsideration. The h1AAP user should ascertain,if for the representative

sequences being analyzed, the volume of the corium would be sufficient to spill over onto the drywell floor. This

is important for sunken (pedestal floor is lower than drywell floor) pedestal floors. If the drywell floor does

receive corium, then we recommead a base case where the corium is restrained to a drywell floor area of 1/4 of

the true drywell floor, and a sensitivity case where the corium is permitted to spread throughout the drywell floor.

His applies to all UWR containment designs with the exception of a hiark II containment exposed to a low

pressure RPV meltthrough. For the latter case, hiAAP 3.0B already accounts for possible corium flow channeling

based on the manways connecting the drywell and pedestal regions. It should be noted that Reference 4 does .

presently recommend a sensitivity for a hf ark I containment where the base case is assumed to be full drywell floor

spreading of the corium and the sensitivity restricts the corium in the drywell to 1/4 of the drywell floor. We have '

recommended the base case to be the restricted corium flow case because it is generally consistent with the

approach in NUREG/CR-5423,"The Probability of Liner Failure in a htark I Containment,"Iheofanous,T.G. et '

,

al., August,1991, j

i
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In addition,we recommend that a modification to MAAP 3.0B Rev 7.0 (BWR version) be made to calculate the

effect of allowing the full sidewall gases to react with the corium pool. BNL recommends the modelling

enhancement be part of the base case (see Sections 3.3.2.4 and 6.2.1). The sidewall gas reacions reduced the time

to containment failure by several hours in the BWR Mark I calculations conducted for this review, and the percent

reduction in total time is expected to be even larger for Class til accidents where the time to containment failure

depends primarily on CCI effects e.ue to accelerated time to RPV failure in Class 111 versus Class !).

For high pressure RPV meltthrough, MAAP 3.0B for BWR use does not include a Direct Containment IIcating

model. He BWR version of MAAP 3.0B is capable of performing a calculation of the containment response for a

high pressure sequence and we have reviewed this model. Ilowever, we cannot judge its acceptability due to lack

of relevant experimentaldata for BWRs to serve as the basis for an assessment. Rather, the NRC has in the past

recommended, and continues to recommend, that utilities address high pressure RPV failure sequences according

to the guidance in GL 88-20 and its supplements 1 and 3. In particular, NRC has emphasized enhancement of

ADS reliability.

In the GKA Guidance Document [4] on MAAP, the authors do recommend at least one sensitivity case where the -

required core melt fraction for total core relocation at RPV failure is 0.2 as opposed to the 0.9 base condition, if

more corium is released from the RPV, CCI would be enhanced and hence, the time to containment failure would

be reduced. Based on this consideration, UNL recommends that this sensitivity be performed for every sequence

where the RPV fails before the containment,i.e., Class I and III. Another parameter, related to core relocation,

whose variation was shown to have a significant impact on results in a previous PWR sensitivity study [7] is the

cutectie heat of fusion. Limited sensitivity studies with this parameter carried out in the past with the BWR

version of MAAP did not show as significant a sensitivity as was found for PWRs. Moreover, for BWRs this

sensitivity is believed to be covered by other recommended sensitivities. Ilowever, because (1) the cutectic heat of

fusion is a true physical uncertainty, and (2) not all BWR containment types and accident scenarios were

investigated in detail to ascertain this paramter's quantitative significance, and (3) for the sake of consistency, this -

sensitivity calculation is also recommended for Class I and 111 accidents for BWRs. Additional comments on core

relocation can be found in Sections 3.2.2,6.1.1, and 6.2.3.

For sequences in which combustion can influence containment failure, sensitivity cases varying the flame flux

multiplier parameter "FLPill''should be provided as discussed in Sections 3.3.3 and 6.1.1.1.

Class 11. Statior. Blackout with Initial RPV Makeup (Containment Fails Before RCS)
,

r

his class of accidents results in the containment failing before the RPV. BNL does not recommend any .

additionalsensitivities beyond those outlined for Class I accidents. Ilowever, some cautions for IPE application

should be observed:
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1.- . If liigh Pressure Cooolant Injection,' Reactor Core Isolation Cooling (llPC1/RCIC) or other non-electric . .

,

powered pumps are utilized beyond containment failure, detailedjustification is needed, including analyses

showing that local temperature trips of pertinent equipment ha"e been checked and are not exceeded and

that Net Positive Suction llead (NPSII) and vortex limits are not violated.
.

2. Recommendation in the Guidance Document [4] on considerations for the effects on containment

structural integrity by clevated containment temperature should be observed.

Class III . LOCA (Accelerated Failure of RCS Before Containment)

The accidents in this class are similar to class I accidents. A major difference is that the accident progression is -

accelerated because the RPV inventory is not just boiling off, but it is being released through a break. In addition,

there can be much less water in the lower plenum at the time of lower core plate failure. BNL has no added
,

recommended sensitivities for this class beyond those for Class I. He following caution should be observed:

Small and intermediate size LOCAs (including Stuck Open Relief Valves) should be examined for break.

location and the possibility of sustained two-phase critical flow. (The versions of MAAP examined for this

review do not have a two-phase critical flow model.)

Class IV Anticipated Transients Without Scram (ADVS)

.nc sensitivity cases recommended for Class 11 apply for this class also. He following observation is also made:

If MAAP is used to estimate ranges of containment performance during ATWS events, the ATWS power curve .

used should be explicitlyjustified and some sensitivities run. There are large uncertaintiesin any power versus

level correlation due to its dependence on core power shape, natural circulation, and void quality or slip

assumptions in two-phase regions.

In the ATWS subroutine, MAAP employs a form of the Chexal-Layman correlation as an option. This correlation

relates power to downcomer level and RPV pressure. In MAAP, core boil up height, or froth level, is used along

with RPV pressure. His correlation itself has uncertainty that is related to core power distribution and natural

circulatics considerations. The uncertainty is further increased because of the simplified thermal hydraulics

MAAP employs to implement the correlatior s. %crefore the choice of the power-level correlation has to be:

, justified. The three choices offered by MAAP are a standard Chexal Layman correlation, another correlation

where the effects of core inlet subcooling are considered, and a user supplied power versus RPV downcomer level
,

curve.11NL recommends that sensitivities be performed using the user-supplied curve method. The following

guidance is suggested: The Chexal-Layman correlation would predict a power level of about 4% of original power

for a core where the operators of a BWR have tripped the recirculation pumps, lowered water level to top of
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active fuel and depressudzed the RPV to the point where the SRVs would reclose on spring return pressure, it is

our belief that the uncertaintyin this value is large,i.e., power could be as high as 8E 'Iherefore,without a

detailed explicit justification in the IPE, such as a detailed TRAC calculation, UNL would recommend that a case

be provided where the power vs. Icvel curve employs an offset at the lowest power (water at TAF and RPV

depressurized). The power at normal water level and RPV pressure condition could remain the same. (llalf the

power reduction can be attributed to depressurization and half to level control.) Figure 2.1 is a representation of

the recommended sensitivity case. The suggested sensitivity considers that the uncertainty grows as the levelin the'

downcomer drops. Figure 2.1 is not numerically exact, but is supplied to indicate that the recommendation is for

an offset in the Chexal Layman prediction at the lower water level by a factor of x, and no offset at the normal

operating water level. In the figure, x was taken as two but the IPE submitter should justify the value he chooses.

Detailed information on power versus level control in BWRs can be found in NSAC.70," Reducing BWR Power

by Water Level Control During an ATWS," Energy incorporated and Nuclear Safety Analysis Center, August 1984.

Class V Direct Bypass of Containment

'There are no additional sensitivitiesor reconunendations besides those for Class I for accidents in this class. We

caution, however, that the failure that is assumed to cause the bypass should be examined to determine if it can

trip or damage any system which is assumed to be active in this IPE sequence. Justification should be given for

why each system is assumed to be available.

2.3.3 Additional PWR Sensillvity Cases

For PWR analysis with MAAP, a few additional sensitivitycases are also recommended:

1. As with BWRs, for accidents where 11 combustion plays an important role in containment failure,2

BNL recommends a variation of the Flarne Flux Multiplier modeling parameter"FLPill." A

discussion is provided in Sections 3.3.3 and 6.1.1.1.

2. For high pressure sequences such as station blackouts and small LOCAs, BNL recommends that,

absent a demonstration of the applicabilityof the natural circulation flow parameter chosen,in

addition to the natural circulation option chosen for the base case, the remainingother option

should be used for a sensitivity case Also, the M AAP natural circulation model should be

calibrated against the Westinghouse two component tests. If calibration against the tests indicates

the presently used rang; of parameteri FAOUT and FWillis not adequate, additional sensitivity
,

studies may be required. A discussion is provided in Sections 3.1.1 and 6.1.1.2.

1
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3. ' To investigate the potentialimpact on containment failur'c time of the uncertaintlesof fuel s

'

relocation and debris distribution, BNL suggests that additional calculations varying the eutectic ,,

s ' heat of fusion for accident classes I and Ill be performed. He fuel relocation modalis discussed

in Section 3.2.2. The basis for this recommendation I. presented in Section 6.1.13,

4. A sensitivity case using a required core melt fraction of 0.2 for total core relocation at RPV

failure, previously dis;ussed for IlWRs, is recommended for class I and III accidents in PWRs

also. He basis for this recommendation is discussed in Sections 3.2.2 and 6.23.

De sensitivity studies recommended for BWRs in Secuan 23.2 related to in-vessel hydrogen generation, CCI, and

A'IWS were found to be unnecessary for application to PWRs. '

)
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[ 3. Technical Issues for IPE ' Severe Ascident Analysis -

# ,4

y c3;1fAccident Initiation to Fuel Damage
,

3.L1 Reactor Coolant System Natural Circulation [

3.1.1.1 lesue Discussion

"

This issue involves the effects of natural circulation in the reactor vessel and the reactor coolant system, and is 1

primarilyimportant for PWRs during high-pressure accident sequences. It is recognized that natural circulation''

flow induced by buoyancy forces under high pressures can cause a counter current flow in the hot !cg leading to

the steam generators. The hot gases from the core can increase considerably the temperatures in the upper .

plenurn of the reactor vessel, the hot leg, the steam generator tubes, and other piping systems. The temperature

could be high enough to challenge the structuralintegrity of the RCS. Therefore, there is a potential that natural

circulation could lead to a failure of the steam generator tubes or cause a hot leg / surge line failure before the
s

bottom head of the reactor vessel has been penetrated by the relocated core debris.

J
_ . ..e

Natural circulation flow in the reactor vessel could increase hydrogen generation by recirculating the steam from

the upper plenum back to the core to react with the fuel cladding. The high temperatute in the upper plenum

could also potentially promote oxidation of structural materials, and generate more hydrogen.

The transport, deposition, and revaporization of fission products in the primary system strongly depend on j,

temperatures and fluid movement, and hence, are affected by natural circulation in the primary system.

. Ilecause of the importance of natural circulation and its impact on reactor vessel failure, hydrogen production, an'd '
,

fission products, the analytical models and assumptions used in the MAAP code to predict the natural circulation
'6* flow are gf particular concern.

3.1.1.2 MAAP and MELCOR Models

In the MAAP code, natural circulation flow is calculated using a one dimen@nal, quasi steady state momentum

balance along predefined loops. There are three modeled loops in the PWR version of the code: 1) core-uppern s
,

. plenum circulation. 2) hot leg steam generator circulation, and 3) PWR primary system circulation! These models
..

a
' include the U tube type and once through type steam generators,and two different core-upper plenum designs by j

4

Westinghouse and 11 & W. A detailed discussion of these models is given in Section 4 of Appendix A.' ,

.
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hf AAP 3.011 has provided parameters for natural circulation. The event flag. IEVNT 208, is used to model the

condition that the coolant pump seals clear and unidirectionalcirculation occurs in the coolant loop. One

- parameter (FCDDC)is related to the efficiency of condensation in the cold leg but is currently not available in

hiAAP. One parameter (VFSEP) refers to the void fraction in the primary system, above which phase separation

is assumed, and two. phase natural circulation stops. Two parameters (FAOUT and ISVilL) are related to the hot

leg.rteam generator (U-tube) circulation flow, ne flag to control the configuration of natural circulation is

denoted by the parameter FNCflP. The rest of the parametersinvolve heat transfer coefficients, friction factors,

and a finite-difference scheme for numerical calculations. All the parameters, except IEVNT208 and FCDDC,

were included in the hf AAP sensitivity study [7] as discussed in Section 4 of Appendix E.

In addition to these model parameters, the MAAP blockage model plays an importsnt role in natural circulation.

The activation of the blockage model will reduce the natural circulation flow and limit the increase in temperature

in the hot leg region. The M AAP IPE guidance document [4] recommends that the blockage model be

deactivated for the base case to increase hydrogen generation. His recommendation would increasn the potential
'

for a temperature induced failure in the hot leg or surge line. '

MELCOR does not have any special models for natural circulation. Ilowever, because control volume and flow

path topology are free, and multiple flow paths between the control volumes are allowed, the user can model

natural circulation phenomena. De one dimensionalmomentum equation that is solved for the flow path network

has gravitationalheads. Ilowever, the results depend on user specified nodalization. MELCOR does not model

counter-current flow in a flow path.

3.1.13 Verification and Assessment of the MAAP Model

llenchmarkingcalculations were performed for the model of the U-tube steam generator against the Westinghouse
'

1/7 scale test data [8]. He data was obtained from one low pressure water test and four high pressure SF. tests.

Two model parameters were involved in the benchmark calculation, n,mely, the fraction of tubes carrying flow

away from the hot leg (FAOUT) and the coefficient of the hot leg counter-current flow (FWilL). He results of
.

the benchmark calculations show that values of 03 for FAOUT and 0.115 for FWill yield the overall best

agreement between the model and data [8]. %e two values are recommended [4} to be used in the base case for

IPEs. Additional tests have been carried out by Westinghouse with a two component system. To date, the MAAP '
,

model has not been calibrated against these more recent tests. i
!

For once through steam generators of the B & W type, results from a simple counter current flow model were .I

correlated with limited data to determine an empiricalcoefficient similar to FWIIL MAAP users should be aware |
'

that this model has not been fully verified due to the lack of test data.
.

I
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c'Ihe MAAP sensitivity study performed for the Zion plant for a station blackout sequence [7] Indicated the;

. ' mportance of the parameter FNCUP,in vessel natural circulation configuration, on containment failure time-i
.

Ilowever, the M AAP model has not been fully verified for all PWR designs. A specific criterion on the selection

of this parameter is not provided by the MAAP guidance document. The selection of this parameter should

depend on the relative flow area and resistance of the reactor vessel.

3.1.1.4 Conclusion

The natural circulation model provides the MAAP 3.0B code with an inherent capability for realistically treating

this important phenomenon, flowever, there are uncertaintiesin the raodel in the areas of onset of phase

separation, pre-defined flow paths in the RCS, flow redistribution in core channels, and counter-current flow in the

hot leg.

For PWR IPE applications,we recommend that, absent a demonstration of the applicabilityof the option chosen,

in addition to the natural circulation configuration option chosen for the base case, the other option should be

used for a sensitivity case. Also, the MAAP natural circulation model should be calibrated against the

Westinghouse two component tests. If calibration against the tests indicate the presently used range of FAOUT

and FWillis not adequate, additional sensitivity studies may be required. See Section 6.1.2 for additional

discussion.

3.2 Fuel Danwge to Vessel Failure

3.2.1 Modeling of In Vessel IIydrogen Generation

3.2.1.1 Issue Discussion
6

The amount of hydrogen that could be generated in the vessel during a severe accident is uncertain. The major

factors in code modelling, which affect production, include the changes in reactive surface area by relocationt the

amount of steam reaching the reactive surface; the materialconsidered as part of the reactive or oxidized surface

area; and the reaction of materials above and below the core.

>.

liydrogen production affects in-vessel and ex-vessel phenomena. Oxidation of zirealoy and stain! css steel is

exothermic,and hence, adds to the energy in the vessel and to the rise in temperature of the vessel's internal

structures. These structures may experienceoxidation themselves,which can cause their failure and relocation'.

The oxidation energy will influence in-vessel thermal hydraulics, and hence, the deposition, retention, and

revaporization of radioactive vapor and aerosol material.

33

,



>

'In some scenarios, hydrogen release willinfluence the pressurization of the containment and may cause rapid

failure of some containment structures. Possible hydrogen burning can cause failure of equipment and enhance

the driving force carrying radioactivity to the environment.

3.2.1.2 AIAAP and blELCOR h!od?ls

hfAAP models only zircaloy oxidation in the core region. For the BWR and PWR versions, the user can vary the

reactive surface of the clad to simulate the entire range from single. sided up to two-sided oxidation. (In addition,

the PWR h!AAP version allows for a reactive surface area increase due to clad ballooning and fuel relocation.)

For DWRs," blockage" can be of three forms: full blockage which prevents oxidation in a channel once any one of

the fuel nodes in the channel undergoes the onset of melting (node at cutectic temperature), local blockage where

further oxidation in a node which has or is undergoing melting is prevented, and finally, the no blockage model.

For the PWR code version, the user can choose between a blockage and no blockage model. The no blockage

PWR and BWR models are similar. His model does not permit any oxidation cutoff due to the onset of melting.

Ilowever, as a node is filled with molten material the reduced flow area limits the amount of steam available for

oxidation.

Decause there are no channels in a PWR to separate the axial flow streams as there are in a BWR, one could say

that the PWR blockage model (IIEARJP/PWR) is the same as the BWR local blockage model (IIEATUP/BWR).

The PWR version allows for oxidation of the relocated zirconium in the plenum region. His feature is not found

in the HWR version of hiAAP. No in.vesseloxidation of steellocated in the reactor pressure vessel (RPV) is

performed by h!AAP, llowever, once the molten steelis ejected to the cavity or pedestal area upon vessel failure -

it is free to oxidize during CCL Sensitivity calculations were performed (see Section 6) to see what the effect

would be of increasing the steel mass of the lower core plate to account for the possible relocation of other steel

masses found throughout the RPV.
,

.

hiELCOR's model for in vessel hydrogen production is substantially different from hlAAP's. blELCOR allows for

oxidation of stainless steel as well as zircaloy in the core and lower plenum regions of the RPV. Further,

hlELCOR will vary the reactive surface during relocation. For conglomerate (molten) debris, the reactive surface

is varied such that during the initial phases of candeling the reactive area grows. It then decreases because it is

assumed that the region between the fuel rods becomes filled,

hlELCOR also utilizes particulate debris where the user specified spherical diameter determines reactive surface

area. Zircaloy can become part of the particulate debris if the clad failure criterion chosen by the user is a non-

negligible fraction of its thickness. Typically, however, the clad is transported as conglomerate debris. htELCOR
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does have a provision to cut-off oxidation in channels which become completely blocked. 'Diis was not used in our

studies with the code.

A very important difference between htAAP and h1ELCOR exists regarding the availabilityof steam to the core

region once the lower core plate fails. In hiAAP, this plate fails when the lowest core node becomes fully molten.

At this time, all molten debris above the plate pours into the lower plenum. Because of modeling assumptions

used, the time between the lower core plate's failure and ejection of the debris from the RPV is very short (on the

order of seconds or tens of seconds). The result is that little water in the lower plenum is made available to the

clad remaining in the core. MELCOR, on the other hand, will fall the lower plate when it reaches a user specified

yield temperature. If particulate debris rests on the plate at the time of failure,it will relocate via gravitational

settling to the lower plenum where substantial steaming can occur if water is available. This steam is then made

available to oxidize the material remainingin the core region. Since htELCOR does not allow any corium mass

transfer across the user-supplied ring nodalization, there is typically substantial core material remaining above the

lower core plate when the particulate debris first enters the lower plenum. (In the BWR studies, the conglomerate

debris had frozen above the lower core plate and was not available for transport based on the support option

chosen). 'lhis phenomenon results in substantial differences in the in-vessel hydrogen generation predicted

between h1ELCOR and MAAP, and can be tied to the basic assumption of the physical form the corium takes

(liquid vs. solid).

3.2.1.3 Verification and Assessment of the MAAP Model

As stated above, only Zr oxidation is considered in hiAAP inside the vessel. 'Ihe Cathcart equation is used in the

MAAP oxidation model below 1850K and the Haker-Just relation is used above this temperature. UNL compared

these correlations with others used in MELCOR, MELPROG, and SCDAP. At higher temperatures (above

1875K), the Haker-Just correlation (used in MAAP) predicts a higher oxidation rate than the Urbanic-IIcidrick

correlation (used in MELCOR), but a lower rate than the Prater Courtright correlation (used in MELPROG and

SCDAP).. At temperatures below 1800K, the Cathcart correlation agrees well with the Prater-Courtright-

correlation. The difference in reaction rate may not be very important, because hydrogen generation is often

controlled by other factors, such as steam availability and clad surface temperature. During a degraded core -

accident, the steam availabilitycould become the dominant factor. Without the restoration of a core injection

system, hydrogen generation is often terminated due to steam starvation during a severe accident sequence.

Clad ballooning is not modelled in the BWR version of MAAP. In the PWR version, MAAP computes clad

.

badlooning resulting from a pressure differentialacross the clad. Ilowever, there are limitations to this model also.

It does not consid:r the effect of oxidation on the mechanicalproperties of the clad Oxidation will form an

embrittled layer on the clad, which is likely to limit ballooning and burst to a local area. Fuel pitch also should be
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considered as a constraint to limit the degree of ballooning.

He lack of an in. vessel steel oxidation modelin MAAP is a limitation. Also, as previously noted, for the BWR

version of MAAP there is no alteration of the surface area of core cells containing clad and exposed to oxidation

during the relocation process in MAAP.

De FAI document FAI/88-41 " Status of TechnicalIssue Resolution,"[9] compares results of the MAAP in. vessel

hydrogen generation model against the Power Burst Facility. Severe Fuel Dama' e Tests (PDF SFD). FAI claims
~

g

good agreement between MAAP and PDF SFD prior to fuel relocation. After this, however, FAI [9] finds

" considerable numerical differer.ces." llowever,if experimen ally measured steaming rates are input into MAAP,

" generally good agreement" for total hydrogen production is obtained, in addition, to obtain agreement in the

BWR MAAP version the " fuel channelis assumed to remain open."

3.2.1.4 Conclusions

UNL recommends the use of the single sided, no blockage modelin MAAP for the base case for BWRs as well as

PWRs, because we believe that the issue of in-vessel hydrogen production remains highly uncertain and is -

traceable to the assumptions governing the physical form of the relocating corium.

Besides redefining the base case of the EPRI guidance document for BWRs, we recommend additionalsensitivity

MAAP should be run with the local blockage model and single-sided clad oxidation to give a lower boundcases:

estimate of II, generation and zircaloy oxidation in the vessel. To estimate an upper bound, MAAP should also be

run with no blockage and two sided clad ox!dation. Additional comments are found in Section 6.2.2.

For PWRs, no additional sensitivity runs beyond those suggested by the guidance document [4] are recommended.

4

3.2.2 Models for Core Stunip, Core Collapse, and Reactor Vessel Failure

3.2.2.1 issue Discussion

Core slump, involves the core relocation process, which has synergistic effects on many other thermal-hydraulic,

materialinteraction and hydrogen-production phenomena. This issue relates to the geometry of the core during

accident progression, which can affect core cooling and power distribution. Of concern are the criteria used to

begin relocation, and the physical form taken by the relocating material.
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While the core debris remains above the lower-core plate and until the core collapses, any water in the lower

plenum region will be unavailable for fuel cooling or oxidization, except for possible swelling in the levelinduced

by pressure reductions, such as through the actuation of safety relief valves. Criteria that should be used to model

the collapse of the core and failure of the lower plate remain uncertain, as do the effects of lower plate failure on

vesselintegrity. In particular, the fraction of the core materialtransferred to the lower plenum when the plate

fails is uncertain, and this fraction is tied to the physical form (liquid, solid, or slurry) of the relocated core
material,

ne amount and dispersal of corium in the lower plenum willinfluence the attack and failure of the lower vessel

head. Again, the physical form of the debris will strongly govern the surface arca available for cooling by any

water remainingin the lower plenum. Also in question is whether the llPV will fait due to a creep failure of the

lower head or via a penetration failure.

In addition to failure of the lower head, there is uncertainty regarding the upper vessel temperatureswhich may

cause components to fail or relocate, and the loss of the vessel's pressure loundary. Rese latter concerns involve

natural circulation flows, which could carry the heat to these regions (see Sc. tion 3.1.1). Along with the potential

failure of the components of the upper vessel, the issues of steel oxidation in vessel and increased steel mass

outside the vessel during core-concrete interaction (CCI) need to be considered.

3.2.2.2 MAAP and MELCOR Models

Details of the MAAP and MELCOlt models of core melt progression and vessel failure can be found in

Appendices A and II. MAAP cmploys a simple single temperature cutectic~model for core relocation. ne

cutectic melting temperature and latent heat of fusion are supplied by the user, Their dependency on mass

composition, l.c.,on the amounts of UO, and Zr, are not functionalinputs. MAAP 3.01), Rev. 7, for the ilWR,

also has a control-blade single melting temperature model with a melting temperature and relocation trodel
,

different from that of the fuel's. He recommended temperature for fuel failure [4| Is 2500 K. The molten corium

follows a simplified candling freeze flow transport to the support plate. 'When the lowest core node (the one

adjacent to the lower-core plate) becomes fully molten, the plate is modeled as failed and all molten material

above the plate flows through the failed region.

In the llWil version, all molten debris is transported to the lower plenum to attack all the control rod guide tubes

within the one radial ring where the core plate has failed. Once the penetration fails, the molten debris is ejected.

He present model usually results in very rapid failure of the penetration and ejection of the contents of the lower

plenum. A temperature, supplied by the user, is the criterion for penetration failure.
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In the PWR version of hf AAP, once the core support-plate fails, all molten debris is relocated to the lower

plenum, but the attack on the vesselis controlled by a delay time specified by the user. 'This parameter prevents

failure of the vessel until a specified time after the support plate has failed.

In the llWR version, the amount of steelin the lower core plate is specified by the user, and this amount is

availabic for ejection, as is any molten stainless steel from the control blades. In the PWR version, the user

similarly controls the amount of steel that can be ejected.

Subsequent to vessel failure and molten material ejection in ht AAP, all remaining solid debris can also be ejected,

depending on a user supplied input. The user can specify the fraction of core which must be molten in order for

the ejection of all solid debris to take place,

hf ELCOR has a relatively sophisticated relocation model. Fuel failure occurs when structural support provided by

the cladding is lost, usually due to clad melting. The clad subsequently candles and built in algorithms allow the

UO, to be transported to the support plate. 'The support plate fails at a temperature supplied by the user. Solid

debris is transported, based on gravitationalsettling and molten debris candles on the lower plenum structures. In

the lower plenum, the debris attacks the lower vessel head as well as a penetration. If the penetration fails, only

that amount of materialwithin the user specified radial ring of the failed penetrationwill be ejected. Ejection of

the corium will not occur until additional hlELCOR constraints, involving the corium being sufficiently molten to

flow, are met.

In the h1ELCOR h!AAP IlWR comparison, the times between failure of the lower core plate and vessel

penetration failure are markedly different. For the hiAAP runs, the time predicted was about 10 seconds, while it

was about I hour for the htELCOR base case. In h!ELCOR, a substantial amount of water in the lower plenum

is boiled off before the penetrationswere predicted to reach their failure temperature. In the htELCOR

sensitivity runs made with a larger number of radial rings.,the time between plate and vessel failure is reduced to

about 1 minute. 'The wide spread in the two blELCOR results is due,in part, to an error in h!ELCOR affecting .

lower core plate attack (see Appendix F). It was observed, however, that h1ELCOR predicts n penetration which,

if sufficiently surrounded by debris, will fail before the debris is quenched by the lower plenum water.c

3.2.22 Verification and Assessment the blAAP hlodel

There is little experimentaldata available for verification of core relocation models. Fauske and Associates,Inc.

[9] reference the LOFI' FP.2 experiment and the TMI 2 accident, and cite the Th11 data to argue that the upper

plenum structure remainsintact as AIAAP has predicted.
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The assumptions used in hfAAP that core materialwill relocate as a cutectic liquid and that this liquid is formed

at a specified temperature are approximations. As previously noted, the user specifies the cutectic melting

temperature and the latent heat of fusion. By varying these parameters the influence of the uncertainties

associated with the cutectic liquid approxirnation on time of vessel failure, hydrogen production, and ultimately-

- time of containment failure can be characterized. Using a high eutectic temperature, for example,would delay the

onset of core melt, possibly prolong the clad oxidation, and generate more hydrogen.

Another uncertainty of the core relocation process is the degree to which the structuralintegrity of the vessel

internals is maintained once fuel relocation has begun and high RPV temperatures have been reached.

3.2.2.4 Conclusions

4

Core slump, collapse, and vessel failure phenomena remain uncertain. The uncertainty of how the core materials

will relocate once the vesselitself fails can be addressed to some extent by using the core collapse criteria r

modelling parameter,in hfAAP. This parameter allows the user to specify the fraction of the core which must be

in a molten state in order for all core materials,i.e. solid and liquid, to be expelled from the vessel. For instance,

when this parameter, called FhiAXCP in hiAAP/IlWR and FCRDR in ht AAP/PWR, is set equal to 0.1, a core

melt fraction of 0.9 is needed before solid materialremainingin the core region is expelled.

The h!AAP Guidance Document [4] already recommends that a sensitivity study, using this parameter, be

performed in order to characterize uncertainties related to fission product revaporization in a failed reactor vessel

(see Section 4.4). IlNL suggests that this study be enlarged by looking at the effect the variation of this parameter

has on containment failure time, and that this sensitivity calculation be carried out for every sequence where the

RPV fails before the containment.

. In IlWRs, for instance, the integrity of the reactor vessel upper intern' tructures is likely to be compromised due

to degraded yield strength caused by elevated temperatures once condiL .ausing core relocation are reached.
.

In one calculation, hf AAP predicted the outer shroud head would reach a peak temperature of 1300 K at about

9000 seconds. This temperature might be high enough for collapset however, the temperature never reached the
,

melting range in general, however, the ability to retain structural support for the core once fuel relocation has .

begun and high RPV internal temperatures have been reached is uncertain. A substantial relocation of solid core

debris cannot be ruled out. h1AAP's modeling parameter FhlAXCP allows the user to vary the amount of core

required to have melted at the time of vessel failure to relocate all of the remaining core. While the geometry in .

PWRs is different, the possibility of solid debris relocation and expulsion still exists, and the PWR sensitivity study

[7] showed that variation of the parameter influenced containment failure time significantlyin PWRs.

;
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Similar to the guidance in Reference 4, BNL suggests that for this sensitivity case the core melt fraction required

for total core relocation at containment failure be set at 0.2 instead of the 0.9 value used for the base case.

IINL recommends a second sensitivity case to address core relocation uncertainties. The variation here should be

on the latent heat of fusion of the eutectic mixture, parameter LilEU. This parameter influences both hydrogen

production as well as the distribution of core materials throughout the reactor vessel, the cavity and the lower

containment. This distribution will affect the amount of CCI taking place.

,

The PWR sensitivity study [7] showed that this could be an important parameter for containment failure time.

One of the sensitivitycases, calculated in Reference 7 but not recommended in Reference 4, showed that all of the

core debris would be released from the vessel compared with about 70% of the core in the base case and that the

time to containment failure was reduced by several hours [7]. Because of the apparent sensitivityof this

parameter, a MAAP calculation should be performed using the upper value of the uncertainty range suggested in

the h1AAP sensitivity study [7). Limited sensitivity studies with the eutectic heat of fusion parameter,previously

carried out with the HWR version of h!AAP did not indicate as significant a sensitivity as was found for PWRs.

htoreover, for 11WRs, this sensitivity calcualtion is believed to be covered by other HWR recommended

sensitivities. Ilowever, because (1) the cutectic heat of fusion is a true physical uncertainty,(2) not all BWR

containment types and accident scenarios were investigated in detail to ascertain this parameter's quantitative

significance,and (3) for the sake of consistency, this sensitivty calculation is also recommended for BWRs.

.

3.3 After Reactor Vessel Failure

3.3.1 Direct Containment fleating (DCII)

At the present time, Direct Containment IIcating does not have to be quantified by the utilities performing an

IPH. For completeness, a review of the DCil model in h1AAP is included here.

,3.3.1.1 Issue Disenssion
,

This issue deals with the potential dispersal of molten core debris into the containment's atmosphere following

release from the reactor vessel at high pressure, and the subsequent energy transfer from the dispersed core debris

to the atmosphere, causing rapid pressurization. 'lle severity of such an event could be further exacerbated by the

burning of hydrogen. Ilydrogen may be generated by direct oxidation of any metallic component during the

dispersal process, or be simultaneously released from the reactor vesselinto the containment.
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Appendix 1 of the NRC IPE Generic Letter [1] listed the following uncertainties related to direct containment

heating: 1) area of the vessel failure,2) the amount of molten corium in the lower head at the time of failure,-

3) the degree to which the corium fragments upon ejection,4) the degree and extent to which a path from the .

lower cavity to the upper containment atmosphere is obstructed,5) the amount of fragmented molten corium that

could enter and interact with the atmosphere of the upper containment, and 6) the temperature of the cavity gas.

Ilecause of these uncertainties,NRC stated that parametricvariations should be used to investigate the impact of

these uncertainties on the containment response in future industry studies. Mitigation of the potential for high.

pressure melt ejections (IIPME) should be considered in the Severe Accident Management (SAht) program. -

3.3.1.2 MAAP and MELCOR Model

M AAP 3.0 used a simplified parametric approach to treat DCII (PWR version only). A modified model was

introduced in MAAP 3.011[8]. The following are the basic assumptions used in MAAP 3.01):

(1) 'Ihe initial molten core debris consists of UO , Zr, ZrO , and steel;
2 2

(2) 'Ihe oxidation of Zr, Fe, and Cr by steam and oxygen in the compartment are allowed;

(3) The order of oxidation is Zr, Cr, and Fe based upon availabilityof reactants;

(4) 'Ihe order of reaction among oxidizing agents is, first - entrained water, second - steam in the

destination compartment, and last oxygen in the destination compartment;

(5) Availabic energy from the core debris includes the internal energy of each component plus energy

produced by oxidation;

(6) Energy is first transferred to co-entrained water until either the debris is quenched or all the water

is vaporized;

(7) A new, effective debris temperature is determined after the preceding chemical reactions and

quenching have been evaluated. 'lhe new temperature then is used to determine energy transfer

to gases in the destination compartment;

(8) Evolved hydrogen can burn if the gas concentrations or temperatures exceed the flammability

threshold;

(9) Simultaneous entrainment af water and corium to the lower and upper containmentsis allowed.

The parametric characteristics of the MAAP DCil model are reflected in two user specified model parameters:

FCMDCII and FCMDA. The parameter FCMDCil refers to the fraction of debris that is transported from the

reactor cavity as finely fragmented droplets. The parameter FCMDA refers to the fraction of debris that is '

transported to the upper compartment. The default values for FCMDCll and FCMDA in MAAP/PWR revision

17 are 0.1 and 0.4, respectively. The M AAP IPE guidance document [4] recommends selecting values of the two

parameters based on the configuration of the cavity. It further recommends that an uncertainty analysis be

performed for the parameter FCMDCll,but not for FCMDA.
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The present version of the MELCOR code does not have a DCII model, and hence, no comparison could be

made.

3.3.13 Verincation and Assessment of the MAAP Model

At the second NRC MAAP Familiarization Meeting, FAI discussed their MAAP DCII benchmarking activitiesin

two areas: (1) debris ejection from the cavity, and (2) debris disposition in the lower compartment after ejection.

The experiments considered in the benchmarking activity include (1) ANL's fluid reactor cavity simulation,

(2) ANL wood's metal tests with a simulated reactor cavity and lower compartment,(3) SNL tests on a Zion-like

reactor cavity,(4) ANL's analysis of corium. water thermallateractions,(5) FAI wood's metal building. block tests,

and (6) FAl's 20 Kg thermite tests, in a 5% scaled geometric model of the Zion reactor cavity, lower, and upper

compartments. These experimentsincreased understanding of the DCII process and confirmed some of the basic .

assumptions used in the MAAP code. Ilowever, some of the major modifications to the MAAP 3.0B DCII model

have not been verified (such as the simultaneous dispersal to both lower and upper compartments).

33.1.4 Conclusion

De MAAP DCll model is parametric, ne accuracy of its predictions strongly depends on the boundary and

initial conditions at the time of reactor vessel failure, and the user-specified model parameters. The conditions at

the time of reactor vessel failure are determined by MAAP's treatment of melt progression in the reactor vessel. t-
.

The values of the model parameters depend on the configuration of the specific cavity and containment of each ;

plant. Derefore, uncertainty analysis is essentialfor the MAAP DCII model. For exampic,in addition to model

parameters, the mass of steel structures modeled in the reactor vessel should be considered in uncertainty analysis,

because the modified DCII modelincludes the oxidation of Fe and Cr.

3.3.2 IIcat Transfer Models from Molten Core to Concrete / Containment

33.2.1 issue Discussion

When the corium penetrates the lower vessel head and interacts with containment surfaces, there is uncertainty

related to the amount of energy produced by the corium and the distribution of this energy. These issues can

affect the time to containment failure, and the success of mitigating actions. i

The source of energy includes the chemical oxidation reactions that occur as water and carb(m dioxide are released
,

from the concrete. Water in the concrete is either chemically bound or free to evaporate. Reactions that can take

1
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place and the phases of the reactants and products have much to do with the chemical energy produced. What

chemical constituents are available to react depends on the stratification.or lack of it, in the corium pool.

Energy is transferred from the corium pool to the surroundings, including concrete, water, and atmospheric gases.

Various approximations can be made regarding which heat transfer modes are dominant. Since heat transfer is a

strong function of the available surface area, any assumption related to how far the corium debris spreads is also

an important consideration.

3.3.2.2 hlAAP and h1ELCOlt blodels

MAAP assumes that the debris is in liquid form, and hence,it will spread within the confines of its containment

surroundings. In addition, levitation of the debris is modeled if failure of the reactor pressure vessel (ItPV) occurs .

under high pressure. h1 AAP assumes all corium components are perfectly mixed, and this allows for the

reduction of UO, by zirconium metal. IIence, ZrO can be formed without the need for concrete ablation. The3

release of both evaporative and bound water occurs when the concrete is predicted to reach an oblation

temperature [4] supplied by the user. The fraction of the energy transferred from the corium to the atmosphere is

partly controlled by the convective heat transfer coefficient between the corium pool and its crust, also supplied by

the user. The mode of heat transfer from the upper surface of the corium is a combination of radiation to the

concrete walls and convection to the atmosphere. In the version of MAAP reviewed in this study, it was assumed

that the gases (110 and CO ) emitted from the side walls of the concrete being attacked by the corium will not3 2
;

react with the corium.

h1ELCOlt assumes the <tebris is a mixture of solid and liquid but its ability to spread is controlled by a separato

cavity structure which is user specified. MELCOR does not provide for levitation or entrainment of the debris

caused by a high pressure RPV blowdown. MELCOR assumes that the oxides are not in contact with the metals,
,

and hence, zirconium oxidation occurs from the release of II,0 and CO from the concrete. MELCOR allows for2

the release of free water from the concrete at a much lower temperature than that used in MAAP if the concrete.

degassing option is chosen. Otherwise, MELCOR simplistically assumes the simultaneous release of free and

luund water. Unlike MAAP, MELCOR's heat transfer to the surrounding containment atmosphere considers

radiative heating of the gas by the corium upper surface. Convective heat transfer to the gas is also modeled. The

gases released from side wall-concrete ablation are allowed to react with the corium. From the MAAP.MELCOR

comparison we observed there was a large difference in chemical power predicted by the two codes [ Appendix D].

33.23 Verification and Assessment of the MAAP Model
.

There are a number of experimentalprograms, which provide data for benchmarkingin this aren: SWISS, which

measured the extent of concrete ablation when water was added above the corium; SURC (sustain *:d
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urania/ concrete) experiments;and the BETA experiments. MAAP gives good overall predictions of the depth of -

- concrete ablation observed in the SWISS tests. Dere was considerable disagreement between MAAP calculations

- and SURC data. His was traced to an error in MAAP which has been corrected. De discrepancy observed

between MAAP predictions and the D8?TA results was attributed to the aspc~ ratio of the tests. That is, the

experimentswere conducted with corium sprehds that were deep and narrow, not shallow and wide as the MAAP'

authors believe would be more typical of accid.mts.

Items that could benefit from further study, include radiative heating of the atmosphere, modeled in MELCOR

and not in MAAP, direct energy deposition in the atmosphere from airborne energy-producing fission products,

and heating of slabs by deposited fission products.

Sensitivity cases which affect this issue are discussed in Section 6.2.1.

3.3.2.4 Conclusions

Uncertainties associated with CCI are many and it would be difficult to have sensitivity cases for every one of the

large number of model assumptions that go into CCI's contribution to determiningcontainment failure time.

Comparison of MAAP and MELCOR calculations help to provide an estimated quantification of the uncertainty,
q

As uated in Section 23.2, several recommendations were given in Reference 4 for MAAP sensitivity cases related f
to core /concretc/ water in,eractions. These recommendations include consideration of items such as the amount of

,

floor area the corium might occupy and the mode of heat transfer between the corium and na overlying water

pool. Rese inpat cpsns were founo *o be adequate for application of the PWR version of MAAP to an IPE.

Iloweve , for SWRs, the effects on CCI 1;om the corium spreading in the drywell, and from ablated concrete of

vertical surfaces contacted by the corium pool, need special consideration. The MAAP user should ascertain if, for.

the representative sequences being analyzed, the volume of the corium would be sufficient to spill over onto the
,

drywell floor. This is important for sunken (pedestal floor is lower than drywell floor) pedestal floors. If the

- drywell floor does receive corium, then we recommend a base case where the corium is restrained to a drywell

floor area of 1/4 of the true drywell floor, and a sensitivity case where the corium is permitted to spread

througnout the drywell flo;r. His applies to all BWR containment designs with the exception of a Mark 11 '

containment exposed to a low pressure RPV meltthrough. For the latter case, MAAP 3.0B already accounts for

possible corium flow channeling based on the manways connecting the drywell and pedestal regions, it should be

noted that Reference 4 does presently recommend a sensitivity for a Mark I containment where the base case is

} assumed to be full drywell floor spreading of the corb and the sensitivity restricts the corium in the 'drywell to

1/4 of the drywell floor. We have recommended the base case to be the restricted corium flow case because it is
,

. generally consistent with the approach in NUREG/CR 5423,"The Probability of Liner Failure in a Mark 1.'

Containment,"Theofanous,T.G., et al., August 1991.
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In addition, we recommend that a modification to MAAP 3.011 Rev 7.0 (llWR version) be made to calculate the

j. , effect of allowing the full sidewall gases to react with ti;c corium pool. UNL recommends the modck tg ,

enhancement be part of the base case (see Section 6.2.1).

For high pressure RPV meltthrough, MAAP 3.011 for BWR use does not include a Direct Containment IIcating

model.1hc UWR version of MAAP 3.013 is capable of performing a calculation of the containment response for a

' high pressure sequence and v. < have reviewed this model. Ilowever,we cannot judge its acceptability due to li ?:

of relevant experimentaldate 'WRs to serve as the basis for an assessment Rather, the NRC has in the past.

recommended, and continues to re nmend, that utilitics address high pressure RPV failure sequences according

to the guidance in Gi,88-20 and its supplements 1 and 3. In particular, NRC has emphasized enhancement of

ADS tc'ht'lity.

,

3.3.3 Hydrogen Ignition and Burning {

333.1 issue Discussion

1his issue addresses ignition criteria, the rate and completeness of combustion, gas transport by natural convection,

and hydrogen recombination m the reactor cavity. There were substantial differences between mode,ls used in

NRC sponsored codes and the models used in the early MAAP 2.0 and 3.0 codes. The differencesinfluenced the

pressure and temperature loads imposed on the containment structure and equipment predicted by the codes.

Ilowever, the earlier MAAP 3.0 combustion model has been replaced by a new model in MAAP 3.0B [8] which

uses a different approach to the flammabilitylimit and completeness of combustion.

333.2 MAAP and MELCOR Models ,

lhe technical aspects of combustion involve combustion modes (e.g., deflagration, detonation, and diffusion

flame), flammability limits, burn time, burn completeness, presence of ignition sources (deliberate or random), and ;

mixing of gases in the containment. Most of the technical aspects are treated reasonably in MAAP 3.0D. Mixing '

in the containment depends on the containment nodalization,and the modeling of natural circulation in the

containment. MAAP has a fixed coarse nodalization and pre-defined natural circulation loop. For a lumped-

parameter code, MAAP's containment madel can reas<mably represent the major compartments of a containment.

Ilowever, stratification within a compartment and local concentrations of gases cannot be addressed. The fixed

and pre-defined coarse containment nodalization prevents the code from being used to perform sensitivity

calculations in this area. MAAP 3.0B mnnot be used to assess the potential for local detonation, which strongly

depends on gas mixing in the containn.at. This is recognized in the M AAP guidance document [4). ;
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$, 1MAAP models two types of deflagrationt global (comp!cte), and local (incomplete). A global burn involves the

b burning of all combustible gases in.a compartment. A local burn is initiated by deliberate ignition systems (i.e.,-

p igniters) and may involve only a fraction of the gas volume in a compartment. De ignition of hydrogen. laden jets

is modeled as a diffusion flame in the MAAP code. This type of burn refers to those circumstances when a very

high temperatureJet emerg,es from a potentially inerted region into a cooler, non.inerted region where it induces a

| burn.

[
- In the MAAP 3.0B code, the flammabilitylimits are determined by the construction of a combustion diagram. The

E domain of the diagram consists of both lean and rich flammabilitylimits (LFL and ilFL). A power law expression

is developed for the flammabilitylimit curve that is further modified for cicvated temperatures. Limited .

experimentairesults have shown that high temperatures tend to cause the LFL to decrease and the RFL to

increase.The llammability limit curves at various temperatures are used in the MAAP code for upward and .

downward flame propagations. The limits of upward flame propagation are for the global (complete) burn rnode.

At elevated temperatures,a very small fraction of hydrogen is required to induce a flame propagation. This

situation leads to the autolgnition n.odelin the MAAP code which assumes that ignition occurs if the temperature

of the mixture is above a critical autoignition temperature (model parameter TAUTO), and the inertant fraction is .

less than a specified value (model parameter XSTIA). The nominal autoignition temperature is 983K and the

maximum inerting fraction is 0.75 in the M AAP code.

O-The MAAP code also applies an ignition criterion when active igniters are present. He ignition criterion is

specified in terms of a mole fraction of hydrogen above (or below) the temperature and steam. concentration-
,

dependent limits. The user specified ignition criterion is model parameter DXillG, and the recommended value is

zero. This model parameter can be used to represent the postulated unreliabilityof igniters.

The ignition of a hydrogen. laden jet is determined by comparing the temperature of the gas stream with the user. '

specified autoignition temperature TJDRN. The recommended value for TJDilN is 1060 K. Jet burning will not

occur if the downstream compartment has less oxygen or more steam than would allow a premixed burn. The jet
!' buni criterion is consistent with the flammability limit used in MAAP. ' Sensitivity analyses for jet-burning,

autoignition, and the unreliabilityin Igniters are i. commended in the MAAP guidance document [4,L

The burn time and combustion cornpleteness are key parameters that determine the quantity o hydrogen reactedr

and.the combustion rate,which, in turn, determine the rate of energy reicase and containment pressurizat on. 'Ini

MAAP, the burn time and combustion completeness are obtained by solving the mass and momentum eqtations

for a fireball. M AAP assumes that the spherical fireball expands at the speed of a laminar flame when ituoyancy
,

. effects are small. When the fireballis large,its growth is modeled as a plume entraining unburned gases at a rate -

proportional to its upward velocity. He upward velocity is determined by consideri,g the acceleration of the

fireball due to buoyancy and drag forces. The analytical model involves several parameters, such as entrainment
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t; coefficient, speed of the laminar flame, the fireball's surface area,and drag coefficient. He uncertaintiesin these
'

parameters are covered by a user-specified flame-flux multiplier, model parameter FLPIII. The recommended best
,

. estimate values of the flame flux multiplier are 2 and 10, respectively,for quiescent and turbulent conditions. BNL
'

recommends performing an uncertainty analysis on the flame flux multiplier for the IPEs.

The combustion modelin MELCOR assumes a discrete burn, which refers to the burning of combustible gases

uniformly in a compartment only after the prescribed ignition or propagation criteria are met. These criteria are

based on experimentaldata, determined in steam saturated air at relativelylow temperatures and pressures. The

criteria depend only on the concentrations of gases: there is no temperature-dependency.

MELCOR does not model hydrogen combu.; tion as a flame frontt instead,it assumes that hydrogen burns

uniformly in a compartment. The flame speed and completeness of combustion are determined by empirical

correlations derived from a variety of experiments.

333.2 Verification and Assessment of the MAAP Model

ne flame-flux multiplict is an important parameter because it attempts to encompass most of the uncertaintiesin

MAAP's analytical solution of the fireball. This multiplier has been determined by benchmark calculation against

four series of experiments (WNRE, EPRl/ACUREX, VGES, and NTS), all of which involved the burning of

-hydrogen by igniters in a pre-mixed atmosphere. Severa8 injection tests were include.1in the EPRI/ACUREX

experiments. FAI reported that the experimentaldata on pressure rise and completeness of combustion can be

represented by using a flame-flux multiplier of 2 for quiescent condi'bns, and 10 for turbulent environments when

the containment fans or sprays are turned on. When these values for the flame-flux multiplier are used, the

MAAP combustion model agrees reasonably well with many experimentalresults. Iloweve.. it also underpredicts

the completeness and duration of burns observed in many of the experiments.

:.

We note that all the tests involved in the benchmark experiments were performed at low temperatures arid low

pressures. He test environment differs from that expected in the containment during a severe accident. 'a

Furthermore, few tests were selected to represent the turbulence environment, and they only involved fans. Tests

involving sprays (EPRl/ACUREX tests 2-4 and 2-9) are riot reported in the benchmark calculation. Among these
^

ten cases of limited turbulence, many were performed in an atmosphere without anylnert gases (steam or CO ),2

which is unlikely to occur during a severe accident. Bus, there could be uncertaintiesin the recommended values

of the Dame. flux multiplier for severe accident analysis because of the differences between the conditions of the

^ test and those expected in the containment. i
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3.3.33 Conclusloa '

'Ihe new model introduced into MAAP 3.011is an improvement for describing combustion behavior. Ilecause -

there is no sensitivity study of the new model on containment performance [7), and there is no direct comparison
'

,
' between the MAAP model and the NRC-developed model, we are unable ta assess its impact on containment

performance analysis,
i

The new model appears to be limited by the lack of flammability data at elevated temperatures and the uncertainty

ascribed to the utilization of the flame-flux multiplier,

i In the MAAP guidance document [4), there is no recommendation regarding variation of the multiplier parameter"

for uncertainty analysis. Ilowever, we recommend that the m@ plier parameters be considered in an uncertainty

analysis for 11WR and PWR sequences in which combustion plays an important role in the containment *s

performance. 'Ihe same values of the parameter recommended for uncertainty analysis for ALWRs [10] should be

used for IPEs, as discussed in Section 6.1.1.

' 3.3,4 Containment Performance

33.4.1 Issue Discussion

' nits issue involves the mode of containment failure and the related size and kwation of failure. Two types of

assumptions regarding the mode of containment failure have been used for severe accident risk estimates:

catastrophic failure at some thierhold pressure, or a leak-before-break mechanism. In a document .related to ,

NRC/IDCOR issues [5], the NRC staff stated that leakage criteria for penetrations have not been developed and

verified. "It is, therefore, the staff position that until such time that the leakage criteria have been developed

,
. based on the results of separate effect experiments that have been conducted on electricalpenetration assemblies, *

~ isolation valves, ahd steel and gasket materials,it should be assumed in severe accident analyses that the4

containment fails upon reaching the threshold pressure"[5].

*lte size and location of containment failure affect the consequences and the risk associated with severe accidents.-

The predictions of failure size and location depend on the details of accident evaluation. NRC staff [5] stated that,

. . .since rupture is often caused by highly localized phenomenon that may be difficult to anticipate, analyseswith- ::
"

i large containment failure sizes (e.g., values used in NRC risk studies) must be un' ertaken." For the failured
'

location, NRC staff [5] stated that,". . .for containments that 'are completely surrounded by an enclosure building
,

where credit for deposition of fission product is assumed, several failure locations should be considered in the -

analyses to establish the most likely pl.2ce for containment failure."
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33.4.2 MAAP and MELCOR Models j

i

In the MAAP code, two models can initiate containment failure. One is a simple model which uses a user-

specified parameter, such as a threshold pressure, threshold temperature.or a temperature-dependent pressure -j
!

litnit as the failure criterion to initiate catastrophic failure. A more detailed modelinvolves stress and siain

analysis. In this model, containment failure is assumed to occur when the resultant stress equals the ultimate :

stress. This model can simulate a leak.before-break situation if the initial failure is in the steelliner. The M AAP

IPE guidance document [4] recommends that the simple model be used for IPEs.

The failure location and size are user specifiedin MAAP. Dependingon the accident sequence,the failure

location could be in tha wetwell or drywell regions for BWRs, and in the upper or annular compartments for

PWRs. The M AAP IPE guidance document [4] does not recommend any sensitivity study on failure location,

except for a llWR Mark I containment. Based on a study of containment strength, Reference 4 recommends that

utilitics performing IPEs for 11WRs with Mark I Containments should investigate both.wetwell and drywell failures.

For the failure size, the M AAP IPE guidance document [4] recommends a small leakage area (about 0.005 square

meters) if the containment is experiencingslow pressurization, and a larger area (about 0.1 square meters) for

rapid pressurization. Ilowever, Reference 4 states that plant-specific assessments are highly desirabic.

MFt COR uses control functions to simulate containment failure. Failure can be initiated at a user-specified

pressure, temperature,or time. The control function is equivalent to the simple model available in the MAAP

code. Failure location and size also are user-specifiedin MELCOR.

33.43 Verificatlan and Assessment of the MAAP Model

lhe M AAP containment failure model requires user-specified failure criteria - pressure or temperature, location,

and area. These parameters are plant specific and may be determined by containment specific stress analysis.

33.4.4 Conclusion

The M AAP containment. failure model is a parametric one based on user-specified events. All the input

parameters are plant. specific and are subject to uncertainty. M AAP sensitivity analyses [7] showed that the

containment failure time can be sigr6ificantly affected by the estimated failure pressure and temperature. The

MAAP guidance document [4] recommends that the determination of the type of sensitivity calculations needed

should be based on the results of independent analyses which provide the best-estimate containment failure
.

pressure for the plant analyzed. The uncertainty of failure pressure should also include the effect of temperature

on the integrity of the containment [4).

'
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4 Fission Product Release and l'ansport

Fission product calculations,while not the primary focus of IPE analysis,will play a role, as indicated in NUREG.

1335.[2] in plant assessment. Some utilities may want to rely in part on MAAP calculations to s ipport their

analysis in (bis area. Therefore, this section describes the important models in MAAP related to fission product

Ecneration and transport. Comparisons with the corresponding MELCOR models or other available information

are also made. Some observations and insights resulting from the llNL cxamination of the MAAP models in this

area are also included in the discussion below.

4.1 Fission Product Helease Prior to Vessel Failure

4.1.1 Issue Discussion

There are four concerns associated with this issue: the initial release of fission products from the fuel, the

temperature required for relocation, tellurium ictention by unoxidized zirconium, and the chemical form of iodine.

Subsequent to meetings between NRC staff and industry severalyears ago, changes were made in MAAP te
h

address the first three concerns.

The timing of the fission product release from the fuel can have a significant effect on the amount and timing of

the release to the containment. The thermal hydraulic conditions in the vessel determine the degree of deposP. ion

and transport of the fission products.

'lhe fuel failure teruperature corresponds to the loss of structuralintegrity of the cladding and its ability to retain 3

gaseous fission products. The temperature chosen for this phenomenon can also affect the environmental source

term, as it affects vessel failure time.
.

Tellurium (Te) can be assumed to be released in-vessel or carried along with the zirconium as it is relocated. For

severe accidents which result in failure of the reactor vessel and the containment,Tc's contribution to the

environmentalsource term depends on whether it is released in-vesselor ex vesscias a result of CCI. Iodine's

chemical form, whether it is in the form of Csl or elementaliodine,will affect its deposition and revaporization

properties in the reactor pressure vessel and containment, and hence,its release to the environment.

4.1.2 MAAP and MELCOR Models
. ,

Unlike the PWR version of MAAP 3.0B, the llWR version does not have a gap release model. There is a fuel

damage temperature,which is the criterion for the beginning of fission product release from the fuel, but MAAP
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does not model the release of fission products from the fuel-clad gap and plenum [11]. The recommended damage

temperature is set at 1200 K in the IlWR [4] version.

'
MAAP uses a cutectic temperature of 2500 K for the beginning cf relocation of molten core materials [4]. His

temperature is above the melting temperature of zircaloy, but below that of UO . The cladding and fuel are-2

modeled as one temperature node in MAAP.

In the guidance document [4] for MAAP, the recommendation is to bind all Te to the unreacted zirconium and' '

release it ex versel. E' nentaliv.n .. .,ot modelled in MAAP.

t

MELCOR has a gap release model with a release temperature of 1173 K. It employs a clad-melt temperature,

which can be chosen as the eutectic melt temperature,if the user desires. Default values in MELCOR assume

that the relocating molten materialis a cutectic, consisting of 20% UO and 80% Zr. In MAAP, all the UO is2 2

assumed to form a eutectic with all the clad (in the BWR model, this includes the cbgnnel zircaloy). MELCOR

allows elementaliodine to be tracked separately from Cst MELCOR also makes provisions for Te retention by

unoxidized zirconium [6], and modifies the release of Te in-vessel to account for this.

De U Zr-O phase diagram [12] shows that where Zr in the clad is available to form a cutectic with UO , a slurry2

phase of liquid and solid U.Zr.O would exist from 2173 K to 2673 K. The time needed for full dissolution of UO2

(zirconium attacking the UO grain boundaries) would be a few minutes at 2500 K. At this temperature, however,2

a relatively large fraction of UO would remain in a solid phase when a dissolution nearing 70% is obtained (a2

slurry with about 30% in solid form). In most cases, the failure of the vesselwill occur earlier if earlier corium

relocation is predicted. MAAP's assumption of an all-liquid corium may not allow as fast an attack on the lower

support plate as would the assumption of a solid-liquid phase.

The guidance document [4] cautions that, under some conditions, the assumption that Te is released only outside

the vessel can be non-conservative. Ilowever,it does not recommend varying the release model flag when MAAP

is used for the IPE studies. No investigation was made on Te distribution in the MAAP-MELCOR comparisons.

Tellurium can be modelled in M AAP as being carried out of the vessel with the unoxidized zirconium. There is

no quantitativejustification given for performing sensitivity studies on the release of Te in. vessel for those cases -

where the assumption of all Tc being released ex-vesselis considered non-conservative. Such cases would include

those where containment failure occurs before vessel failure.

.
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4.2 Release Model for Control Rod Materials

4.2.1 Issue Discussion

in PWR plants (with silver indium-cadmiumcontrol rods), this issue relates to the fraction of the control rod

material that would be released as an aerosolin the primary system during a core-mcit accident.

For IlWR plants, the issue relates to possible chemical reactions of the boron carbide (B.C) control materialthat

could increase hydrogen production and alter the chemical form of the fission product species, especially iodine.

4.2.2 MAAP and MELCOR Models

The MAAP PWR model accounts for the release of control materials. 'Ihe major assumptions used in the MAAP

code are:

(1) 'The control rod materials (Cd, In, and Ag) and other structural materials (Sn and Mn) are

lumped together as radionetivity-inert aerosols.

.(2) These materials are released in their dominant chemical form when the node reaches the melting

temperature of carbon steel.

(3) 'Ihe releases are limited by their saturation densities at the model temperature.

(4)- When the blockage model is used, the local flow is set to zero at the user-specified fuel cutectic

temperature (2500 K). Therefore, structural materials are not released from the blocked nodes. i

.

(5) When the blockage model is not used, the releases of structural materials are based on the

conditions of flow and saturation.

'

(6) "Ihe user controls the saturation limitation through a model parameterwhich overrides the

limitation. The impact of the blockage model on clad oxidation is, thus, separated from its impact

on the release of fission products.

In MF.1 COR, fission products are grouped into 15 classes according to their properties. The control rod material
'

cadmium (Cd) is added to group 11, and i.idium (In) and silver (Ag) are added to group 12. 'lhe' release rates of

fission products are computed by the empiricalcorrelations of the CORSOR or CORSOR M model. Both models
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consider the release rate of each materialclass as a function of temperature only. MELCOR also considers the - -

effect of vapor pressure of each materialclass.

L Neither MAAP nor MELCOR models the chemical reactions of D C.

In-pile tests in the Power Burst Facility (PDF) (SFO-1) and Annular Core Research Reactor (ACRR) (DF 3)

under conditions typical of a reactor accident sequence, support control-rod modeling and relocation models

leading to low acrosol production [5]. The test results agree qualitativelywith the predictions of the MAAP model

on control-rod acrosol release.

.

At present, the NRC and IDCOR models are in agreement,in so far as both models predict that the control

material acrosols are not expected to have a significant effect on in vessel fission product behavior. For BWRs,

the effects of U C on hydrogen production and on the chenical form of iodine are minimal.

4.3 Model for Fission Product and Aerosol Deposition in the Primary System

4.3.1 Issue Discussion

'Ihc deposition of acrosols in the RPV depends on a number of removal processes. NRC code development in

this area involves grouping the aerosols by size (sectional code). Such a tool is the computer code MAEROS [13),

which is incorporated into the MELCOR code. To have a much faster running code, the utilities have sponsored

an approach that does not explicitly track aerosol size groups, but uses empiricaldata to help establish decay e

constants. This model uses equations for steady-state and aging (acrosol mass concentration decay) time-periods.

Concerns have been raised on the appropriatenessof this model for the full spectrum of possible accident

conditions.

.

4.3.2 MAAP and MELCOR Models

Details of these models an be found in Appendices A and H. As stated above, MELCOR uses a sectionalcode

whereas MAAP employs acrosol mass-decay constants in a steady-state and aging mass equation set.

Since early 1985, additional numerical and empirical comparisons have been made on a refined aerosol model.

These comparisons included the AH2,5,6, and 7 tests [9]. Comparisons against the DEMONA test also were

made. 'The M AAP developers claim good agreement during the source and decay periods [8), and that the model
* *

is conservative during the transition from source to decay.
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{{ , d experience different source to decay transition times, than represented by MAAP. We believe grouping all . ,

,

, +0materialclass elements and compounds into. one mass group, as represented in MAAP has not been completely ' ,

{ justified [14).,
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4.4 Revaporization of Fission Products in the Upper Plenum
,

,

.

p

4N.1 Issue Discussion
' '

'

''
,

U[' Fission product aerosols and vapor deposited on cool vessel components can beco resuspended due to - y
'

1

revaporization. His issue focuses on the amount and timing of the revaporization. in particular, the effects of;

surface chemistry are considered importan'. The vapor pressures of the fission products may change because they- ]
1

L, have chemically combined with the steel of the in-vessel components. -!, ,

, -:p ;

He thermal. hydraulics in the vessel will affect deposition and revaporization., De energy carried by the fission : ,;
: products to heat the in vessel components needs to be predicted,~ as do the flow currents. g

;

4.4.2 MAAP and MELCOR Models
q

l

To address this concern in MAAP, there are three specific modelling assumptions. .The fission product energy ' ?

carried by each material group is fixed as a time-independent fraction of the decay power. MAAP does not' alter : d
the vapor pressure of the fission products caused by chemical reactions on the' surfaces of tib in-vessel ~

g. g,

components. MAAP predicts the effects of natural circulation flow in and out of a vessel, for cases where the ]<
,

vessel has two flow paths in communication with the containment. This flow provides a strong driving force for

removing the revaporizing fission products from the vessel. "

,

- - s e
-. .

: MELCOR alters the fraction of power produced by each fission. product materialgroup as a function of time. Itu <%
" '

g
: does not allow any in vessel chemical reactions with component material. Any circulation flow paths are .

. . . a
; determined by the conservation laws for the arrangement of the vessel's control volumes,

yj
'

''
1 Sensitivity studies on revaporization uncertainticswere performed in a past MAAP analysis [9], by altering the , ;,, 4

; vapor pressure of the fission-product groups. This alteration resulted in a delayed release of the volatile fission '
.

j products and the overall mass. The MAAP developers now recommend the inclusion of a new parameter [4] that 'y
will affect only the vaporization rate. It is not yet clear what form the new rate equationwill take. '||

o

f,

i
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The MAAP guidance document [4] recommends further sensitivity studies on the removal of the remaining core .

mass, once the vessel has suffered melt-through. The intention here is to affect the rate of heat.up of the in vessel

heat slabs by the deposition of fission product from the remaining cose material. Normally, the user is directed to

assume that when 90% of the original core mass has been removed from the core and the vessel has failed, the

remaining 10% should be ejected. Ilowever, to see the effect on revaporization timing, a sensitivity study is

recommended [4), whereby the heat supplied to the heat slabs is reduced by removing the remaining core material

once 20% has melted out of the core region and the vessel has failed. This recommended sensitivity study is for

both PWR and DWR IPE application. .

.

The guidance document [4] recommendation for sensitivity cases regarding the fraction of molten core material

existing at the time of vessel failure, and necded to expel all core material,is a good one and should be augmented

to gauge the effect this variation has on containment failure time, as discussed in Section 3.2.2.

Some power factor concerns were found in the MAAP-MELCOR comparison as described in Appendix D.

4.5 Ex-Vessel Fission Product Release Modelling

4.5.1 Issue Discussion

nis issue is related to the issue of "IIcal Transfer Models From Molten Core to Concretc/ Containment" discussed

in Section 3.3.2. There,we discussed some of the uncertaintics relating to the composition of the corium debris in

the cavity or pedestal. In Sections 5 and 6, we mention the large difference associated with chemical power

predicted by MAAP and MEl.COR. The debris temperature and composition have a direct effect on the gases

and fission products released during CCI. He problem is complicated by the uncertainty of the chemistry of the '

CCI material,which alters the reactions and the rates of those reactions.

.

4.5.2 M'AAP and MELCOR Models '

l

.

The number of compounds existingin the corium pool and the rates of chemical reactions that can occur will

affect the release of fission products. In MAAP a homogenous pool of materialwith perfect mixingis assumed,
,

and compounds that will contribute at least 1% or more to an element's total vapor pressure are considered [15).'

An ideal solution behavior for most of the reactions is assumed,i.e., that the Gibb's free-energy of a reaction is

unaffected by other compounds in the pool. As such, the energy states are unperturbed and the activity

coefficients are set to unity. Ilowever,in MAAP 3.0l!, a change was made to allow the user to alter the activity

coefficientsof a number of compounds: K 0, SiO,, SrO, and BaO.2
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.In MELCOR the oxide and metal compounds are stratified. Ilowever, within each layer an ideal solution is'

assumed to obtain the equilibrium constants using Gibb's free-energy. One difference of this modeling is that
,

.while MAAP reduces UO with Zr, these materials do not come into contact in the corium pool of MELCOR.

. Therefore, the oxidation of zircorium occurs when water or some other oxidizing agent is released from the

concrete.

From the M AAP-MELCOR comparison, we observed that there was alarge difference in chemical power

predicted by the two codes. Further, MELCOR showed large differencesin the temperature of the different

stratified layers in the corium pool, which could have a significant effect on the vapor pressures of the fission

products. MELCOR predicts as much as a 500 K increase from the light oxide to the metallayers.

, , .

There is uncertainty in both the physical stratification of metals and oxides as well as the thermodynamic

properties of the corium mixed with concrete constituents. The effects on temperature also will affect the release ;

of fission products from CCL Section 33.2 discussed of some of the empirical studies that have been compared to
,

MAAP.

The METOXA program is used in MAAP to determine the chemical reactions during CCL 11 has been checked

' for consistency in a FAI publication [16). The choice of the non-unity activity coefficientsis supplied in the
'

MAAP guidance do:ument [4). Admitted!y this choice is not based on a large amount of empirical data.

Uncertaintiesin this area remain. As more information becomes available,it should be considered in the

modelling.

,

''4.6 Amount and Timing of the Suppression Pool llypass
,

.

4.6.1 Issue Discussion -

.

t

For some severe accidents in BWRs, steam and gases from the core debris percolate through the suppression pool.

Under these circumstances, the water can retain a significant fraction of the nerosols and condensed vapors.' This ~

pool scrubbing is ' very effective way of reduci,ig the airborne fission products and thus reducing the potenNala

source term. Ilowever,if the flow path bypasses the suppression pool, this important scrubbing action is also .

bypassed with the possibility of a much larger source term. Acrosol buildup sufficient to' plug the flow paths is -

:w, predicted to occur under some circumstances. A previous NRC review [9] of this issue involved consideration of-

' the Vaug'han plugging model. A particular concern was whether or not this model can correctly predict

suppression pool bypass, and hence, the effectiveness of fission-product scrubbing. The issue has been extended to '

include plugging of containment leakage paths.
~
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% 4.6.2 ~MAAP and MELCOR Models , t.

U
' MAAP incorporated the Vaughan plugging mo' del. MELCOR'does not have an explicit model for predicting ><Q

'

, ,

'
R plugging of suppression pool bypass paths'.

,
,

s
IS e r j

Q . Earlier review by the NRC of MAAP [9] considered the IDCOR Technical Report 85.2 [17] (July 1985). ' After''

some changes were made, the Vaughan model was found acceptable for a driving pressure less than a few tenth'
, ,

'

s

17 of an atmosphere, and flow path areas less than 1 cm in diameter. '
,

,

'
L -

'Ihe IPE guidance documer.: [4] concurs with the earlier agreement on the use of the Vaughan model. That is, for,
~

'

i flow paths less than 1 cm in diameter and differentialpressures across the flow path of less than a few tenths of an -.

f atmosphere, plugging is permitted. If the pressure increases, the plugged path will be reopened, but could be x
3 '

plugged again if the pressure drops below a few tenths of an atmosphere. h:1

1

4.7- Secondary Containment Performance ,.

.
..

4.7.1 issue Discussion -

Severalparameters that can affect the size and makeup of the radiologicalsource term to the environment involve

- the performance of the secondary containment,i.e., the reactor building for BWRs and the auxiliarybuilding for *

PWRs. Residence time governs the sedimentation of acrosols. The size of the postulated bredk in the primary;
''

4

: containment, the break's location, the poNutial for hydroden burns' and other fires, the configuration of forced and I
'

.

,

* natural circulation flow. paths, and the production rate of CCI gases will affect residence time.
L

'

Secondary containment performance is measured in terms of a secondary containment ddcontamination factor '
,

' (DF), which is defined as the mass of fission products released to the secondary containment divided by the mass
~

o ,

>
4

, Kof fission products released to the environment.' In past comparisons [4], it was observed that MAAP could y'icld !o,

4' tsignificantly. larger DFs than the NRC sponsored code models.-
<.,,
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4.7.2 MAAP and MELCOR Models

' Appendices A and B comparc the acrosol models for MAAP and MELCOR. Essentially, MELCOR tracks multi-

size acrosols while MAAP uses a method that determines an equivalent removal constant, and does not track

acrosol size concentrations.

Either code will allow the user to model breaks of any size or location in the primary containment, or to simulate

a containment bypass. Both codes contain models for II, burning, and neither code considers the effects of such a,

burn on equipment,or allows for material fires.

Both codes can simulate natural circulation and forced flows such as could exist if a standby ventilation system is

used. As discussed in Section 3.3.2.2, both MAAP and MELCOR model CCI with its release of gases, but they

use different chemical reactions.

>

Many of the models that contribute to secondary containment performance have been discussed under other -

Issues. The exception is the reactor building model for natural circulation.

The MAAP developers conducted several experiments |18] to simulate natural circulation. The results of the

development effort are represented in MAAP's reactor building or secondary containment model for flows

between compartments.

e

The UWR MAAP.MELCOR comparison indicates that for Csi, M AAP predicts a DF for the Ril more than an

order of magnitude higher than MELCOR at 2v,000 seconds, after the respective containment failure time. The

Csl release fraction to the environment predicted by MAAP is .002 and the fraction of Csl retained in the reactor

building is 0.066. MELCOR, on the other hand, predicts a Csl fraction distribution of 0.2 in the Ril and 0.2 to

the environment. These results indicate that M AAP arrivps at a reactor building DF of 34, whereas MELCOR
l.

predicts a DF of 2.

It appears that MAAP predicts DFs for the Reactor fluilding that are more optimistic than those predicted by

NRC-sponsored methods. Since the atmosphere, as well as the drywell liner, are hotter ic MELCOR than MAAP ,

when containment fails, more vapors would be expected to be altborne at the time of containment failure. 'nis

effect would lower the DF predicted by MELCOR in comparison with MAAP.
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5 Numerical Comparison Studies

As part of the hfAAP review, calculations were performed with h!AAP and h1ELCOR for the same accident

sequences. Results for a less of All Electric Power sequencein a BWR (Peach Bottom) and for a Small Urcak LOCA

sequence in a PWR (Zion) were compared. h1ELCOR calculations were performed by BNL Version 1.8.0 of the

h1ELCOR code was used. hfAAP calculationswere carried out by FAI and forwarded to BNL The resu!ts of these

comparisons are discussed here; details of the calculations can be found in Appendices C and D.

5.1 PWR Numerical Comparison Study

For the small break LOCA sequence a break diameter of 2.5 inches was postulated, ne small break LOCA sequence

is characterized by a rapid depressurization of the primary system, rapid core uncovery and heat up, and early failure

of the reactor vessel. The sequence allows one to evaluate the effects of accumulator injection, break flow, and early

release of hydrogen and fission products into containment, llowever, the potential for natural circulation in the

primary system and direct containment heating at the time of vessel breach are reduced, due to the depressurization

in the primary system.

In performing the htELCOR analysis, the selections of nodalization, numerical strategy, and many input parameters

were based on best judgement. Although no systematic study of the code sensitivity was performed, we believe that

this hlELCOR analysis represents a reastmable description of the small break LOCA sequence for a PWR plant. The

htAAP analysis was provided by Fa iske & Associates, Inc. All the 78 model parameters used in the present h1AAP

analysiswere those recommended by the SensitivityStudy Guidance Document [4). Detaileddiscussions of the h1AAP

and h!ELCOR analyses of the primary system's thermal-hydraulics, fuel behavior, RPV penetration failure,as well as

corium/ concrete interaction, containment response, and fission product releases are presented in Appendix C.

Although toth codes have approximately the same nodalization and initialinventorin, detailed comparisons show the

following differences between the two codes:

1) h1 AAP predicts an early phase separation at about 1000 seconds and the break flow contains only

single phase fluid. The accumulator water is injected directly into the reactor vessel and is not

released through the break, h1ELCOR predicts a single phase flow or two-phase mixture through

the break, depending on the water level relative to the break location. The accumulator water

injected into the broken leg is all released through the break.

2) h1AAP predicts a relatively slow, discrete, natural circulation in the primary system. h1El.COR

shows a continuous natural circulation in the primary system, with a higher flow-rate. Flow

reversals also are predicted by h1ELCOR.
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3) ne single-node of the core plate in the MAAP analysis yields a late failure of the core plate, at;

about 13500 seconds. MELCOR has four radial nodes for the lower core plate and predicts a

rapid failure of the core plate in each radial node as debris is relocated on the plate. Failure

times for the various radial rings are from 10790 to 11423 seconds.

4) MAAP models one penetration while MELCOR has four penetrations. The failure of the four

penetrations extends over of approximately3750 seconds. ~

5) M AAP predicts the ejection of debrisinto the reactor cavity immediatelyafter penetration failure.-

The sequence of ejection is corium, water, and gas. MELCOR predicts the ejection of debris over

a time period of 137 minutes. Water and steam are ejected immediately once the flow path

(failure)is opened. Corium ejection has to satisfy the discharge criterion,i.e. total molten mass

must be greater than 5000 kg and the melt fraction exceeds 0.L

6) MAAP shows the start of hydrogen generation at 3230 seconds, and about 340 kg of hydrogen is

generated before the penetration failure. He onset of hydrogen generation predicted by

MELCOR is at 2200 seconds, and about 260 kg is generated before the penetration failure.

7) MAAP shows another 240 kg of hydrogen generated after reactor vessel failure due to steam

entering from the reactor cavity into the failed reactor vessel through the penetration hole. This
,

is not modeled in MELCOR. De buoyant driven flow model used in MAAP to describe this

steam ingress has not been verifico experimentally.

8) MELCOR shows a 1.3% oxidation of steelin the rea<.or vessel. MAAP does not model steel

oxidation in the reactor vessel.

9) MAAP predicts a complete dryout of water in the reactor cavity. MELCOR does not predict
,

water dryout in the cavity, Continuous water recirculation between the cavity and lower

compartment is predicted by MELCOR.

10) In the MAAP analysis, the water boil-off completely quenches the corium in the cavity. In the

MELCOR analysis, the corium temperature stays above the solidus temperature.

11) Since the corium is quenched, the concrete ablation predicted by MAAP is delayed until 55,000

seconds. The ablation distances, both radially and axially are 0.8 m. MELCOR shows an.

' immediate crosion of concrete as the corium is discharged into the cavity. nc ablation distances

are 1.40 m axially and 0.27 m radially.

12) MAAP-predicted gas releases (H , CO, CO , and steam) from corium-concrete interaction are less -2 2

than the MELCOR results, Ilowever,in the MAAP analysis,the complete boil-off of water in'the -

reactor cavity adds a large quantityof steam to the containment atmosphere,which results in faster

pressurization and an earlier failure of the containment.

13) Both M AAP and MELCOR show that the containment is steam inerted,and hydrogen combustion
'

is not predicted. -

14) The MELCOR concrete degassing model releases about 83,600 Kg of steam into the containment.

Degassingis not modeled in MAAP unless concrete ablation temperatures are reached.
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15) The containment pressurization rate predicted by MAAP is about 14 Pa/s during water boil-off,'

and is about 3.75 Pa/s after water dryout in the cavity region. MELCOR maintains a flooded

cavity and the rate of containment pressurization is about 9.2 Pa/s.

16) M AAP shows a large retention of Csl in both the primary system (53%) and containment (45%);
'

MELCOR shows about 25% retention in the primary system and 75% in the containment.

17) For all materials except th,: noble gases, the environmental release predicted by M AAP is much

larger than the MELCOR predictions. This is due to the time of actuation of containment sprays.

In MAAP, the containment spray is activr.ed 13 hours before the initiation of corium. concrete

interaction (see Table 5.1). Herefore,it has no impact on aerosol removal. While in MELCOR,

the containment sprayis actuated about * hour after the initiation of coritm-concrete interaction,

and can effectively remove acrosols reicased from the corium pool in the cavity region.

Recirculation was not modelled.

Table 5.1 summarizes the timing of major events, and shows that MAAP predictions are characterized by a later time

of core uncovery, core dryout, and fuel relocation than predicted by MELCOR. Ilowever, the MAAP predicted time

of containment failure is about 3.5 hours earlier than that predicted by MELCOR. This is due to the faster

pressurization rates predicted in MAAP because of the rapid steam generation from core debris cooling computed in

MAAP but not in MELCOR.

Table 5.1 Summary of Major Events (Time in Seconds)
(Zlon SBLOCA Sequence)

MELCOR MAAP

Start of Ilreak 0.0 0.0

Core Uncovery 1640 2,349
!

In-core 1 Kg II, Release 2,200 3,230 !

*

First Clad Failure 2,655 3,268

First Fuel Melting 2,825 3,779

Start of Fuel Relocation 2,655 5,250
_

Core Dryout 3,230/8,585 12,953

Accumulator On 3,362 3,671

Relocation to Lower Plenum 10,790 - 11,423 13,527

Penetration Failure 11,378 15,126 13,587

CCI Production of 1 Kg CO 11,540 54,870 -

Containment Sprays On 15,200 7,321 I

Containn'ent Failure 104,496 92,718-

1
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5.2 IlWR Numerical Comparison Study
.

The Loss of All Electric Power sequence modeled postulates an immediat(. loss of all injection and a subsequent boil,

off of RCS inventory at high pressure.

In this section,we compare the times of the key events and conditions in the co: tainment obtained with h1AAP and

MELCOR. Key event times are given in Table 5.2. We discovered that the hf AAP base case employed the no local

blockage model for hydrogen generation rather than the local blockage model recommended by the MAAP guidance

document [4J. All other options used by hiAAP were in accordance with the guidance document. Ilowever, no

acrosolimpaction in the Reactor 13uildingis used in the M AAP runs. Details of this study can be found in Appendix

D. Detailed comparison between the predictions of the two codes for the particular sequences modelled shows the

following differences:

1. There is some difference in the time when the RPV water level drops to the Top of Active Fuel (TAF). This

difference is investigated in Appendix D, and is primarily due to differencesin water allocation in M AAP and

MELCOR. Both codes start with the same amount of water in the RPV, but MAAP has more water in l's

lower plenum and less above TAF. This difference in timing of 500s continues throughout the rest of the

accident sequence predictions. Removing it would mean that MELCOR's initiation of clad melting would be

at 4500s (5000 500) compared to MAAP's prediction of 3900s.

2. MELCOR predicts earlier failure of the core support plate than MAAP,yet later vessel failure, MAAP models

an all liquid cutectic U Zr-O and allows all inotten corium in the core region to be relocated to the lower

plenum once the core support-plate falls. Once in the lower plenum, the corium quickly attacks a lower head

penetration and failure of the vesselis predicted within seconds of the lower core plate failure. The MAAP

model predicts minimal cooling of the molten debris in the lower plenum and much of the lower plenum'sinitial

water inventory is also rek>cated at the time of vessel failure. Ilowever,in the MELCOR model, a mixture of
'

solid and liquid debris is assumed and only the materialIceated on the lower core plate ring, which fails,is

allowed to be transported to the lower plenum. "niis is a far smaller amount of corium, (than predicted in

M AAP) and for our case, involves only solid particulate debris, as the liquid debris solidified above the lower

core plate. Corium remains in the lower plenum for more than 3000s before vessel failure. This allows steant

produced in the lowe* plenum to continue to oxidize zirconium in the core region, where nearly all the

zirconium remains during this time. The zirconium,which initially melted, was predicted to solidify during the

candling process onto cooler regions in the core.

3. After vessel failure, M AAP ejects not only all the corium in the lower plenum, but all remaining core material

in the core region, some of which may not have melted in this scenario. ' Ills latter action is modelled in

5-4
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response to the input options recommended by the guidance document [4b ne ejected corium then begins to -

attack the concrete and to heat-up the containment. In MELCOR after failure of the RPV and depressurization

of the RCS, conium is not ejected from the vessel until it has become sufficiently molten to create a slurry.

After this slurry is predicted, the predominantly solid corium is allowed to exit the RPV. Here is about a 5000s

delay from the time of vessel failure until the corium is ejected. Only that mass of corium in the region of the

penetration failure is predicted to be ejected in MELCOR.. Additional penetrationswill have to fail to cause

the remainingcorium in the lower plenum to be ejected. The amount of corium initiallypredicted to be ejected

in MELCOR is only a fraction of that predicted by MAAP.

4. Concrete attack is predicted to occur sooner with MAAP than MELCOR after the corium is released from the

RPV. In the base study, corium is assumed to occupy the entire drywell and cavity concrete floor area. In the

MELCOM analysis, the corium was assumed to occupy approximately40% of the floor area. One reason for
.

these differences is that in MAAP, the RPV is pressurized at the time of vessel failure and the liquid corius

is dispersed during vessel blowdown over a large floor area. In MELCOR, the RPV has depressurized at the .

time the corium is released and thus, the corium was assumed to be spread over a smaller floor area.

5. MAAP predicts a much later contahiment failure time than MELCOR. At the time of containment failure,

MAAP predicts a release to the containment of much larger quantities of non-condensible gases but the"

containment's r.tmospheric ternperature is below that of MELCOR's. MAAP predicts the containment falls at
'

nearly the same pressure as predicted by MELCOR,but with an atmospheric temperature in the drywell about

one. half of that of MELCOR's prediction. This difference is caused by the greater volume of non condensible .

gases released by MAAP into the containment. MELCOR predictions of the drywell atmosphere show a

number of temperature excursions resulting from discrete corium additions to the corium pool, nese peaks

subside as the heat structures alworb the energy.

The chemical power during CCI predicted by MELCOR is a much larger fraction of the total power in the corium

pool than. predicted in MAAP. In MELCOR the chemical power was predicted to exceed the decay power at certain -

times. He chemical power was always predicted in MAAP to be a small fraction of the decay power. The chemical o

power in MELCOR is primarilya result of the gases released from concrete ablation. A greate amount of these gases

react with the corium pool to produce heat to raise the atmospheric drywell temperature in MELCOR than in MAAP.

One modelling difference between the codes is that MELCOR allows the gases released from the side walls of the -

core concrete interface to react with the corium pool, while MAAP does not.

Additional comparisons are shown in Table 5.3. He results of this numericalcomparison prompted the selection of

- the sensitivity studies which are presented in Section 6.2.
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Table 5.2 Key Event Times
.,

Event MAAP(s) MELCOR(s)

Loss of all electrical power 0.0 100

Core uncovery (swol!cn level at TAF) 1900 2500

Collapsed water level at ilottom of Active 4600 5900

Fuel

I kg of hydrogen generated 2924 4000

Clad damage (clad perforation) 3147 3800

Initiation of clad mclting 3920 4500
,

First fuel material relocation 7936 4500

First fuel material relocation to core support 4538 5100

plate

Core support plate failure 7752 9800 (RI)'
6500 (R2)

15,500 (R3)

Vessel failure time 7765 9910 (RI)
12,077 (R2)
'22,000 (R3)

Corium mass released frorn RPV 7765 14,900

Concrete attack starts (gas released) M47 20,000

Containment failure 86,000 32,000

Start of burning in reactor building 86,000 32,000 -

Reactor building failure 86,000 32,000
,

Note: R1,112, and R3 refer to radialnodes in the core region. R1 is the inner node and R3 is the outer node.

.
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L Table 5.3 Corium Effects in Containment

.

Event Description . MAAP MELCOR

Mass ejected from RPV: Nearly all at once Gradual over time
,

L Composition Mostly liquid.. Mostly solid.
L Temperature =2500 K Initially much cooler <
| 2000*K but later materialis

' close to 2500*K.

Core Release Sequence Corium released follevi d Tens of thousands of kg of
by 100,000 kg of wvst at ' water ejected before corium.
gas

Corium Distribution Mostly liquid corium Mostly solid debris contained
distributed throughout within pedestal and part of
drywell and pedestal region. drywell floor area.

Containment Atmosphere IIcatup No radiative heating of Radiative heating of the
gases directly by the containment atmosphere by
coriu.n pool or crust. corium pool or crust.

Total mass of 11 produced in vessel 860 kg 1000 kg3

at time of RPV failure

Mass of II, produced in. vessel at time 0.0 kg 100 kg
of RPV failure by stainless steel
oxidation

Conditions at Time of Containment
Failure:

Wetwell Airspace Temp 344'K 370*K
DW Gas Temp 710*K 1300'K
DW Pressure' 127 psia 130 psia
Mass of II, produced 1250 kg .1140 kg in vessel only
Mass of CO, CO,, and II, in =12,400 kg =7850 kg<

containment (DW and WW)
and RPV

DW Liner Temperature 700 K 1000 K.

,
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6 Sensitivity Studies

As pointed out in Section 13, a number of sensitivity calculations with MAAP were carried out as a result of the
.

code. comparison with MEl.COR.%c purpose of these calculationswas to obtain a better understanding of the

effect of varying a number of the modeling parametersin MAAP. In addition to the sensitivitycases performed as

part of this study, a sensitivity study carried out previously for PWRs [7] was also considered. De results from

both of these analyses provide a major part of the basis for the additional sensitivity cases recommended in this

report for application of MAAP to IPEs. De discussion on sensitivity cases for PWRs is based principally on the

calculations in Reference 7, while the llWR section is based mainly on the calculations carried out for the present

study. It should also be noted that some of the sensitivity cases discussed under PWRs are also applicable to

llWRs end vice versa as indicated in Section 23. He main points are summarized below, additional details can be

found in Reference 7 and in Appendices E and F.

6.1 PWR Sensitivity Studies

6.1.1 Previous PWR Sensitivity Study

*

The MAAP/PWR code has 78 model parameters and 10 plant specific input paramcters which are subject to

. uncertainties and can be used to perform sensitivity studies. A comprehensive sensitivity study was performed for

a station blackout sequence [~'] for the Zion plant. %c study included most of the MAAP model parameters and

covered a wide variation in the parameter values. Only the DCII and combustion models were not included in the

study. A detailed evaluation of the sensitivity study [7] and the sensitivity-study guidance document [4] is given in

Appendix I!.

He accident sequence selected for the sensitivity study (i.e., the station blackout event) Icads to a late failure of
~

the containment at about 37 hours. Variations of many of the parameters also resulted in the prediction of a late

containment failure (i.e., the containment failure time varied by only several hours) rather than an early failure.

The M AAP guidance document (4) recommends the best estimate values of the pcrameters, and their ranges, for

sensitivity studies to be used in the IPEs. In general, the recommendations given in the guidance document are

adequate for the IPEs. Ilowever, because of the importance of certain parameters and/or the lack of sensitivity

analysis for sorne parameters,we recommend that the following also be considered in the IPEs:

6.1.1.1 Ilydrogen Combustion

i

l

M AAP has 6 model parameters related to various aspects of combustion, such as deflagration, auto ignition, jet- '|
burning, and the reliabilityof the ignitors. The MAAP guidance document [4] has adequate recommendations for I

i
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uncertainty analysis for most of the parameters,except the flame flux multiplier. This parameter (FLPIII) has a

significant impact on combustion completeness, combustion duration, and therefore, the pressure rise due to

combustion. Ilased on benchmark calculations,Iteference 10 recommended that the parameter assume a value of

2 under quiescent conditions; and the value of 10 under turbulent conditions (i.e.,when fans and sprays are
'

ac!!vated). No recommendations are given in the MAAP guidance document [4] to change the multiplier

parameter for uncertainty analpis. Ilowever, inspection of the benchmark calculation reveals that the MAAP

model underpredicts the combustion completeness and duration relative to test data in many cases, in a diseassion

of the MAAP model for Advanced Light Water Reactors (ALWRs), Plys and Asticford [10| suggest that if a

sensitivity analysis is desired, a minimum value of I and a maximum value of 3 for quiescent cases is

recommended. For turbulent cases, the range of the parameter should be expanded to include from 3 to 12. We

agree with the above recommendations and suggest that the same recommendations be applied to the IPEs for

accident sequences in which combustion plays an important role on containment performance. Combustion may

be an important consideration in IPEs for PWRs with ice Condenser Containments and for some PWRs with large

dry or subatmospheric containments. It could also be important for IlWRs with Mark 111 containments.

6.1.1.2 In Vessel Natural Circulation

Specific criteria for performing uncertainty analysis on the parameter FNCllP (in vessel natural circulation
,

configuration) should be provided in the M AAP guidance document. This parameter is used to select whether

natural circulation flow from the upper plenum passes down the outer part of the core (FNCLIP = 0) or down the

core barrel / core baffle annulus (FNCllP = 1). The MAAP guidance document states that "for most plants"(i.e.,

Westinghouse plants) the parameter should be set to zero; no uncertainty analysis is recommended. For "Il&W

plants and perhaps some others," the parameter should be set to one; an uncertainty analysis is recommended for a

high pressure station blackout sequence. The general guidance is not adequate. We conclude that, unless a

demonstration of the applicabilityof the natural circulation flow psrameter chosen can be provided, all plants

should perform the sensitivity case as well as the base case. The MAAP sensitivity study for the Zion plant [7]

reveals that when the parameter is changed from zero (default value) to one, the time to containment failure is -

reduced by 5 hours.

6.1.1.3 latent Ileat of I'usion of the Eutectic Mixture

'the M AAP best estimate of the latent heat of fusion for the cutectic core material mixture is 250 IU/kg and it is
,

recommended for t,se in the IPEs [4). No sensitivity analysis is recommmded in Reference 4. The uncertainty

estimate of this parameterin the MAAP code is in the range of 100 to 400 IU/kg. The sensitivity study performed
.

for the Zion plant for a station blackout sequence shows that the time to containment failure is reduced by 8 hours

when the mWmum value of the latent heat (400 KJ/kg) is used. The latent heat of the cutectic affects the melting

and tchation of a fuel node [7), which In turn affects hydrogen production in-vessel as well as the debris

62

_



._ ..

, ,. _.

.g> > [Or

[gj [[[0,C

$)# #$ '*h %)
IMAGE EVALUATION

4'

f/tj8 TEST TARGET (MT-3)\ f

<ff || s C $0'~'
/

+ %

.

,4
_

u r?3 pv 2,

77 p .

E 2M fI3;Si,; e
-

'

-- || 1.8
Ilmits

1.25 1.4 1.6
=== == ==

a

*
4-- 150mm

*
4_____- 6"

'

%
#p$j d" b pjo %A:

e+eg+qp7 W, 4 ,

x

947/>// c - -

:

%p g'/
[

o

;
.

.
.

.

%



N.
.

'i.i, 7

4; fr

. & ~419 |$0<

<Yp MP IMAGE EVALUATION /j S 4,
S < o. q,

\k//7 :,[ 4$#9 '" TEST TARGET (MT-3) 4(g
4

,

v@v <r%<a'

.

l.0 E '" M
f 3 l!!]LKr

2.2L
LL 3s

1.1 s "~ h112.0
- a'

*
1 1.8
1 ===

1.25 1.4 1.6
m ses

,

#
4 150mm

*
4 --- 6"

I

s!N, %,4), + sA*+ .

%gjj; $7 ,7
--

. 4j 4'
~

,

..
-

. . . . . . . _ . . ""' ::f'



_

-
i s

q)
. ap Ap IO
v .s

Ye IMAGE EVAL.U ATION /j/, f
n.

%";P. e|$4Py<\g/ "(*' th)# TEST TARGET (MT-3)
///,/'

j %q'$ 4fg-

/ Q= s,,

v& % <e .

9 % '

i.o e, m
u uz g| 22

magg
(m :..a2p|: 12 :j,| ,

ll! l.8
|||m=s

1.25 1.4 L6
-- +== ==

*<- 150mm

*< - - 6"

1 h!!

d57 NV h $*%
'

%, <&
Q,an/ />,, ,.q-

-- -

8

f 46<Q%f4'
..

,

y3 <gg@gp2/ [
~

1. . . b



N:
, , ,.

,

//to. a cp>e)e@ $,#, (.
4% /phO v; R P IMAGE EVALUATION /' / Y

\////7 (* e$9 TEST TARGET (MT-3)

/ [' (4,
'

@ '((9 g*\p j 7

+ s
.

l.0 E "" P
bG.' V'
ti~:: Sn =o|,| t:

!$
l.25 1.4 1.6
=

- mm =a

>
4.___.--- 150mm

>
4 .. _. -- -- 6 "

A s //,o8db , % )4 44 "
;r. //A
_

'
p

;3 ;@+,;, o.n e%g y ,%' / ,'y,
.

-
. a--

'

ggsg \g/ ,

($4Of i
<!&/ c:

;

t ;

t ^ %%u .
CQ|w;5 Y ___ _

.

_ , , ,
,



M%
w >fn

ry A<
q,, <e , ,,

phg '
|t< >

,

q s

# q
f $_'f ,' y

p ' '' " [ distribution (corium composition, state) in the reactor core, reactor cavity,' nd other locations after the reactora

k' s vessel breachc Therefore additional sensitivity cases varying the latent heat are recommended. His '
,

2< 1 rewmmendation extends to BWRs also,

f
- -

,

..

'

$' ' 6.1.2 } Additional PWR Sensitivity Study
(g

f.7'' Two sensitivity cases were performed as part of the current review effort.' In one case, a large core support-plate
.. ' ,

& . .

,

M mass was used to model additionalsteel to be included in the corium. concrete' interaction. The sesults showed
v

there was no impact on containment performance because of the steam limitation on steel oxidation in the other
"

a
case, a very low heat transfer between the debris and water was assumed to simulate a non-coolable debris bed

D when the depth of the debris exceeds 25 cm. This simulation resulted in a low boiloff rate for water in the cavity, -

g - plus an extended coriam-concrete interaction in the cavity. The combined effect was to delay the predicted

containment failure time significantly. Containment pressurization was predicted to be slower for a non-coolable .:
,

; debris bed configuration because a significant fraction of the decay heat goes to heating concrete. In a coolable

- configuration, all of the decay heat goes to boiling water which results in more rapid containment pressurization.
>-

$ .

i
~

6.2 ' BWR Sensitivity Studies
g 8

C

jy As a result of the MAAP/MELCOR base-case comparison discussed in Section 5.2, a number of modelling

,m. dif!uenceswere identified as possibly causing the large difference in predicted time to containment failure.

Q ,

9>
?$? 6.2.1 Core-Concrete Interaction
+ .

1. ,

, The major factor influencing containment failure time was found to be the extent of corium distribution across the
3.n ,

| J drywell floor after reactor pressure vessel failure. Essentially, the sensitivity studies revealed that attaining the;| <

}mf g" : threshold abla.lon temperature had the largest effect on containment failure time. If the corium was assumed to
,

"
; be spread across the whole drywell floor, this threshold temperature was not reached for a large fraction of the c

h ' concrete. Onlp the corium in the pedestal region (the drywell concrete floor immediately below the reactor vessel)

was predicted to heat the concrete to the ablation temperature. FAT was requested to run a'MAAP case where

m the area of the drywell floor (excluding the pedestal floor area) v:4s reduced to one-quarter of the value assumed :
n

p ' for the' base <ase. His made the concrete floor areas of MAAP and MELCOR essentially equal. The resulting' .
'

r ./ time to containment failure predicted by MAAP dropped from 86,000s to 42,000s (no local blockage cases).

4' Ilowever, the temperature in the drywell predicted by MAAP remained substantially below that predicted by .

MELCOR at the time of containment failure,*

,

I J

t

. h

.. ,

, ?) . ( \
'

|t'
'

. >



$.

4

N Large differences were observed between the rate of chemical energy produced by the MAAP and MELCOR

r - calculations. %c difference may be in part due to MELCOR's stratification of the components in the corium

pool. In MAA! Orconium is allowed to oxidize by reducing uranium dioxide,while in MELCOR zirconium

oxidizes fro- <he II,0 and CO released from the concrete. Further, MELCOR models the reaction of gases

released ,m the side-walls which results in the generation of greater chemical energy. His last effect could

cause f.e differences found between MAAP and MELCOR in the temperature of the containment gas at the time -

of ontainment failure,with MELCOR giving higher values (Appendix D). .

BNL requested FAI to run MAAP allowing the side-wall gases to react with the corium pool. FAI performed the

MAAP runs using an improved version of the BWR MAAP 3.0B version identified as Rev. 7.01. As can be seen

in Table 6.1, the relative effect of this modeling assumption was much stronger when the corium is asaumed to be

spread over a smaller area of the drywell floor (cases 3 and 4). For these cases, the effect of the sidewall gas

reaction effectively reduced the time between vessel failure and containment failure by 25?c. Given the impact of

this model assumption on the predicted containment performance BNL recommends that this option be used by

utilities when performing an IPE.

6.2.2 In-Vessel

Hydrogen Table 6.1 Effect of Concrete Sidewall Gas Reaction on Containment Failure
Time for the BWR Station Blackout Sequence Using MAAP 3.08, Rev. 7.01Production

.

,

Case # Sidewall Case Spread of Corium on Time of Containment
De sensitivity cases Reaction DW Floor Failure (second)

'

were performed with
1 None Full 130,000

MAAP asuming
2 Full Full 122.000

various model
3 None Quarter 53.000 ,

options as indicated
4 Fw 000

in Table 6.2 and the

' # '

Note: ne time of vessel failure was predicted to be 10,000 seconds for these cases, which
compared to * ssumed the local channel bWkage model. Also note that the times presented here are.

different than those of Section $ where results with MAAP Rev 7.0 were given.

calculations. He initialMELCOR model had relatively coarse core nodalization. As a result the core debris was )
1

. predicted to be retained in the vessellower plenum for a relativelylong time. The resulting steam generation .j
caused a large amount of zirconium oxidation. '

!
i

In a later version of MEl.COR with finer core nodalization,a reduced time between lower plate failure and vessel

failure resulted in less steam from the lower plenum being available for in-core oxidation. In addition, an estimate

64
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was made in which the failure temperature criteria of 2500K was reduced to 2200K. The amount of in-vessel

hydrogen generation for these cases is given in Table 6;2.

;

It sho Id also be noted that in the BNL BWR numerical comparisons of MAAP and MELCOR, errors were found i

in both computer codes which can greatly affect the results. In MELCOR, an error pertaining to debris relocation ,

to the lower core support plate and lower plenum affected the availabilityof steam to oxidize the steel and

zircaloy. In MAAP, an error in the channel blockage option flag resulted in MAAP employing the "no channel

blockage" option when the " local blockage" option was requested. Table 6.2 correctly identifies the MAAP option

employed by the code along with hydrogen generation comparisons.

Based on the sensitivity results in Table 6.2 and the discussion in Section 3.2.1, UNL recommends the use of the >

single-sided, no local blockage model for the base case because we believe that the issue of in vessel hydrogen '

production remains highly uncertain and is traceable to the assumptions governing the mode of corium relocation.

We recommend that for BWRa, MAAP be run with the local blockage model and single-sided clad oxidation to

give a lower bound estimate of hydrogen generation and zircaloy oxidation in the vessel. It will also provide a

different corium composition for CCL To estimate an upper bound, MAAP should also be run with no blockage

and two-sided oxidation.

.

Table 6.2 BWR MAAP-MELCOR Comparison of Ilydrogen Generation

Condition MELCOR(kg) Condition MAAP(kg)

1) MELCOR base case,2500*K 1000 MAAP base case, no local 860
failure temp. blockage, single-sided oxidation

2) MELCOR fine core 600 MAAP, no local blockage,2- 970
nodalization,2500*K failure sided oxidation

,

temp.

3) MELCOR estimate for 500 M AAP estimate [19] for base 430
2200*K failure temp. in base run case, with local blockage,

' -

single-sided oxidation e

6.2.3 Core Collapse Criteria

.

In-vessel core relocation is an area of significant uncertainty and Reference 4 recommends sensitivity cases to

address this important issue. - ,

Several MAAP BWR runs were made to investigate the effects of varying the amount of stainless steel released

with the corium at vessel failure. A large variation in containment failure times was predicted in these M AAP
I

i
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calculations. By varying the mass of the core support plate from 10,000 kg to 60,000 kg, (and hence the amount of j
r 1

steel assumed to relocate with the core debris to the cavity) the containment failure time increased from 73,000L

seconds to 93,000 seconds. The contributing factor was largely the additional heat capacity of the corium (caused

by the additional steel), which reduced the amount of concrete ablation by the core debris. j

i Another uncertainty involves integrity of the internal vessel structures. 'In one calculation MAAP predicted the .|
1

outer shroud head would reach a peak temperature of 1300 K at about 9000 seconds. This temperature might be -]
''

high enough for collapse; however, the temperature never reached the melting range. In general, however, the

ability to retain structural support for the core once fuel relocation has begun and hi h RPV internal temperatures 'iF

y have been reached is uncertain. A substantial relocation of solid core debris cannot be ruled out. Given the

L uncertainty of retaining the structural integrity of the vessel internals after core melt and relocation, a sensitivity

( case should be considered which investigates this effect. As discussed in previous sections, MAAP has a modeling

parameter which allows the user to vary the amount of core required to have melted at the time of vessel failure to

relocate all of the remaining core. Presently, this is set to a required 90% melt fraction. Given the uncertainty '
{

noted above, BNL recommends that a sensitivity case with melt fraction reduced to 20% be performed for a wider -]
range of accident sequences than currently recommended in Reference 4. The PWR sensitivity study [7] showed

that this parameter was important for containment failure time calculations in PWRs also.

|
1

I
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7 Conclusions

This report describes the NRC sponsored review of the MAAP code, version 3.0B [3]. The primary objective of the

revicw was to evaluate the MAAP code for its use in conjunction with activities related to performance of an IPE for

operating reactors. Therefore, the review considered the guidance provided by GKA regarding sensitivity analyses for

IPEs using MAAP 3.0B [4]. MAAP was evaluated to provide assurance that IPEs will be analyzed with a methodology

| which adequatelytreats significant phenomena and reflects the uncertainty surrounding issues for which confismatory
'

research is planned or ongoing.

He review focuses on those aspects of an IPE that will be addressed with MAAP analyses, namely determination of

success criteria, the timing of key events, and containment response to severe accident loads. Utilities may wish to

use MAAP to predict the time from accident initiation to the time of clad damage for the purposes of determining

success criteria for quantificationof the Level 1 (core damage frequency estimate) part of an IPE. Thus an important

aspect of the review was to determine how well MAAP models the loss of coolant inventory for a range of initiating

events (i.e., transients or LOCAs). An important finding of the review was that in general, MAAP is adequate for

predicting thermal-hydraulic behavior prior to clad damage. Ilowever, as the MAAP models contain a number of

simplifications, the ailities should provide justification for using MAAP if certain thermal. hydraulic conditions are

encountered. These conditions are:

1. The break location gives rise to a quasi-steady state two-phase flow condition (BWlVPWR).

2. The RPV water level and vessel flow conditions may exw the fuct to departure from nucleate boiling (DNB)

conditions while MAAP continues to predict adequate core cooling (BWR).

3. The reactor has not scrammed (fuel stored energy will r.ot be released (BWR/PWR).

4. Clad temperature is above 1200*K (BWR/PWR). *

Le review confirmed that tne utiliues should not use MAAP for determining success criteria after clad damage (e.g.,

to determinewhether or not a core can be successfully reflooded after extensive fuct melting has occurred). Therefore,

after clad damage MAAP should be used to provide the utility with a framework for obtaining an understanding of

containment failure modes, the impact of phenomena and plant features, as wc as operator actions. In this role,

MAAP analyses should be supplemented with sensitivity studies to ensure that the utility staff have an appreciation

of the uncertainties surrounding containment performance during a severe accident. Therefore, the review of this
,

aspect of MAAP's application to an IPE focused on the adequacy of the range of parameters recommended [4] for '

the sensitivity analysis.
.

The ranges of parameters recommended [4] for MAAP sensitivity analysis were generally found to be adequate for.

reflecting the uncertainty surrounding severe accident issues. Ilowever, there are a number of areas where added or

enhanced sensitivitycases (beyond those recommended b Reference 4) could provide the utility with a more complete
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- appreciation of the conditions which may be encountered during a severe accident. nese added or enhanced cases

I - arc described in the main text of this report and summarized in the executive summary.
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Appendix A

1 Introduction

This appendix sumn arizes a review of the MAAP 3.0B/PWR code. [1] The work was performed under Tasks 1 to 4
,

of the MAAP Code Evaluation Program (FIN L 1499).
I

The primary objectives of the review are:

(1) To evaluate MAAP methodology and modeling of the significant phenomena and the sensitivity to parametric
or mechanistic variations in the modeling: and

(2) To compare the analytical models and parameters used in the MAAP 3.0B/PWR code with their counterparts
-|

1

in the MELCOR code, sponsored by the NRC [2]. .f
I

l
;

Part i RCS Thermal liydraulles and Ileat Transfer

2 Primary System
1

In the MdAP code, a primary system is considered as a " region", which includes all of what is usually considered as
the primary system except for the pressurizer. The region subroutine PRISYS computes the thermodynamic
properties and the rate of change of dynamic variables in the primary system. The nodalization, thermodynamics,
water transport, gas transport, heat transfer, and heat structures of the system are discussed ir this section.

2.1 Nodalization

The MAAP code is capabic of modelling two primary system loops. A break in the primary system is modcHed as
one " broken" loop, and the remaining loop is used to represent the other ir. tact loop or loops. For transient
sequences, the broken loop can be defined as the loop containing the pressurizer. Each loop is represented by five
nodes: hot leg, hot leg tubes, cold leg tubes, intermediate leg, and cold leg. The reactor vessel region has three
nodes: downcomer, upper plenum, and dome. Thus, a total of 13 nodes is used to represent the primary system.
The hydrogen mass fraction, gas temperature, and up to four structure temperatures are computed for each node. A
detailed accounting of water inventory and tracking of hydrogen and fission product transport also are performed for
each node.

,

Although the major elements of a PWR primary system are represented by the MAAP code, the fixed nodalization
does not permit a user to perform a sensitivity study on the effect of finer nodaliza: ion. In many cates, such as
natural circulation, the flow rate is sensitive to the local fluid density, and a finer nodalization would improve the
code predictions. The 3.0B versio of MAAP has a finer primary system nodalizat:on than the 2.0 version. This
finer nodalization improves MAAP code predictions as shown in the simulation of the first 174 minutes of the 'llirce ,

Mile Island Unit 2 accident [3). Sharon et al. reported that "the changes to the nodalization and structure improve
the resolution of the structure temperature calculation"[3].

>

Unlike the MAAP code, there are no predefined models and no specific nodalization built into the MELCOR code.
The MELCOR code uses the control volume concept to represent the reactor system (except for the core region).
Each of the nodes modeled in MAAP for the primary system can be represented by a control volume in the
MELCOR code. The MELCOR code is composed of many packages; each models different aspects of reactor
accident phenomernlogy. The Control Volume Thermodynamics (CVT) package evaluates the thermodynamic state
within each control volume, and the Control Volume Hydrodynamics (CVH) package evaluates the mass and energy
flows between control volumes. The flow rate of gases and water between two control volumes are determined in the |

Flow Paths (FP) package. Thus, a series of control volumes connected by flow paths can be defined to represent the
entire primary system. MELCOR thus provides freedom to perform sensitivity studies entirely from code input,
without modification to the code itself (MELCOR permits a maximum of 999 control volumes). In addition, the

A-5
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code can provide more detalbd information within a control volume than MAAP. For example, MELCOR allows a
' maximum of 100 structures from the Heat Structure (HS) package to interact with the thermodynamics in each

g

control volume.

L 2.2 Phase Mode

The MAAP3.03/PWR code considers either a mixed. homogeneous two-phase flow or a separated gas and water.k
flow in the primary system. When flow rates through breaks in the primary system or' through the main coolant
pumps are insufficient to sustain homogeneous flow, and when the coolant inventory drops to a level that prevents
two-phase natural circulation, the phases are treated as separated. For the mixed phase, an overall average void'

fraction is assumed in the primary system. For separated phases, a constant collapsed water level is computed for the
primary system, provided there is sufficient water in the primary system to permit communication between the water
pools in the cold legs, the reactor vessel downcomer, and the core region. The water pools in the primary system are -
separated when the coolant inventory in the primary system decreases and prevents this communication. _When this
situation occurs, a separate mass and energy balance are calculated for each pool. The collapsed water levels in the
hot leg, cold leg, and downcomer region are computed by subroutines HLLVL, CLLVL, and DCLVL, respectively.
These subroutines perform a simple calculation based or the water mass of the nodals and their specific volume.
(The level of the boiled water in the core region is determined by the subroutine VLEVEL and is discussed in the
next section.)

The MELCOR code uses the CVH package to compute the phase mode for each control volume (i.e., each node in
|

MAAP's nomenclature). The phase mode in MELCOR is based on the physical situation predicted for each control
volume. An averaEc void fraction for the entire primary system is not computed in the MELCOR code.

2.3 Thermodynamics

The thermodynamic states of the primary system (i.e., properties of water and gas, system pressure, and temperature)
are computed according to the phase mode in the primary system. Auxiliary property subroutines, such as TFWATR

'

for subcooled water, SWATER for superheated steam, and STMSIU and SATGAS for saturated steam, use
correlations similar to those in Keenan's steam tables or are taken directly from these tables,

i

For the mixed phase mode, the system is considered either saturated or t.olid. In a saturated state, it is assumed that .
gases (steam and noncondensible gases) are in equilibrium with water; the system temperature, masses of water and
steam are estimated by subroutine SATGAS, based on conservation of e.nergy and mass. The saturation pressure is

-

evaluated by functior. PSATW, in which P=f(T) is computed by a correlation from Keenan's steam table. If the
system is solid, the system pressure is set to the pressurizer pressure.

For the separated phase mode, a significant difference in temperature may exist between the water and gas regions.- -|
The temperature of each water poolin the prin+ary system is treated separately by subroutine POOL, whicl'

'

calculates the mus and energy boiled from a supenheated water pool to bring the temperature back to saturation.
Calculations for gases are performed by subrouthe ITCAL,in which all control volumes in the primary system are
lumped together to estimate the average gas teruperature and system pressure.

,

The local gas temperature and the rate of ch sge of local temperature are computed for each node in the prunary .
system by subroutines FLOW and CRATES. Using the flow rate determined by FLOW for flow paths connecting
the primary system nodes, the subroutine ChATES computes the rate of change of gas temperature in each node,
and tnen uses a fully implicit integration te.chnique based on a first order backward differentiation formula to advance ,

the gas temperature. The local gas temperatures are slightly adjusted as necessary to make tLam consistent with the |

average temperature corriputed by ITCAL

:
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The local gas temperature is important for predicting natural circulation and the transport of fission products in the
primary system. The calculation of local gas temperature involves an estimation of heat transfer between the gas and
heat sinks in each node. Heat transfer to structures is discussed in next section.

In MELCOR, all thermodynamic properties are defm' ed by anaequation of state based on the volume, mass, and
energy content of a control volume. There are two basic options available, selected by user input: equilibrium
thermodynamics and non equilibrium thermodynamics. Equilibrium thermodynamics assumes that the gas and water
phases are in thermal and mechanical equilibrium (i.e., they have the same temperatures and pressures). The
equilibrium state is reached by an instantaneous mass and euergy transfer between the two phases. Non-equilibrium
thermodynamics, c,n the other hand, assumes that neither thermal nor phase equilibrium is reached; while the
pressures of the gas and water pool are equal, their temperatures may be different. Non-equilibrium thermodynamics
would result in a substantial driving force for condensation or evaporation. All steam and water properties in
MELCOR are taken from Keenan's and Keys' correlations. The thermodynamic data are consistent and satisfy

i
Maxwelfs relations. The Water Package evaluates specific heat, specific volume, enthalpy, entropy, and free energy
at particular temperatures and pressures. The transport properties, such as thermal conductivity and viscosity of |
steam and water, are given by the Material Property package. The transport properties can be modified through user

l input.
1

2.4 Heat Structures

Sixteen structures in the reactor pressure vessel, hot leg, cold leg, and primary side of the steam generators are |
i

modeled in the MAAP code. These structures are considered as heat sinks only. The heat balance for the structures
!

does not include any power source due to oxidation, but beat generation by the deposited fission products is
considered. All structures, except the steam generator tubes, are represented as two dimensional slabs. The tubes in '
a steam generator are treated as 1 D heat sinks.

Heat conduction in axial and radial directions is considered. The axial nodes are assumed to be equally spaced; the -|
1

node height is specified by the user. Axial nodes that are equally spaced could introduce uncertainty in modeling
axial heat conduction for those nodes near the gas-water interface, where a large axial temperature gradient is !
expected. Nodes above the water level will have higher temperatures and an excessively large quantity of heat ,

conducted into the water unless a fine nodalization is used. Furthermore, when determining the average surface .j

temperatures in the covered and uncovered regions, MAAP assumes that " partially covered nodes are treated either
'

as covered or uncovered nodes, depending on their uncovered area fraction (if less than 1/2, considered covered)?
(Subroutine PSEQi"T, p.4 [1]) This assumption could cause the predicted structural heat transfer to the fluid to )
become uncertain, which, in turn, could affect the boil-off rate of water, if large nodalization is used.

'

The radial nodalization also assu nes an equal node thickness. However, the number of nodes is calculated so that |

the resulting node thickness shoild be commensurate with the maximum problem time step allowed. The limitation :
1

of the radial node thickness is based on a consideration of numerical stability.

MAAP assumes all structures in the primary system are made of steel and remain in an intact, solid configuration. ]
The oxidation, melting, and relocation of structures are not modeled.

MELCOR has a more general treatment for structures that are modeled by the Heat Structure (HS) Package.
Structures can assume a rectangular, cylindrical, spherical, or hemispherical geometry; and may be composed of
several different materials specified by the user. An internal (or surface) power source may be specified for a heat
structure. Any spatial and time dependency of the power source also may be specified by the user. However, only j

one-dimensional heat conduction in the radial direction is represented in MELCOR. The nodalization is specified by ]
the user and may be non-uniform,i.e., the distance between temperature nodes need not be the same. MELCOR ;

does not model the oxidation, melting, and relocation of structural materials (which is consistent with MAAP |
modeling assumptions). ,

i

|
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In the MAAP code, heat transfer to or from the primary system structures is computed by subroutine HTSHCR for
the gas-covered region and by subroutines HTPSEO and HTSBWL for the water covered region.

- In a gas-covered region, gas to structure radiation is treated by the gray-gas model with emissivities specified by the
user for gas and structure. The gray-gas modelis a first approximation for gas radiation. The effect of steam, which
absorbs and transmits radiation at certain selective wavelengths, is not considered in the model. For natural
convection, conventional correlations for laminar and turbulent flows are used for vertical, horizontal surfaces, and
circular pipes. For forced convection, only correlations developed for internal pipe flows are used. A correction
factor for the pipe length is included in the laminar flow equation. However, the forced convection correlations are
not consistent with the assumption that all heat structures are rectangular slabs.

Heat transfer between water pools and heat structures in the primary system are determined by the conventional
Dittus-Boelter correlation for turbulent flow in circular pipes. This correlation is valid if pumped flow is 'available in
the primary system. When the water flow rate of the primary system is low, after the main coolant pumps are
tripped, heat transfer is governed by natural circulation. Both laminar and turbulent correlations for natural
circulation flows are available in the MAAP code, it is reported,in subroutine HTSBWL[1], that ' numerical
instabilities may arise if the predicted heat transfer coefficient can reduce the pool or the wall temperature below that -
of the other". When this situation occurs, the heat transfer coefficient is limited to a value required to equilibrate the
temperatures of the water and the walls in one time step. ,

A more general treatment is provided in MELCOR for heat transfer to and from structures. Heat transfer
correlations in MELCOR cover a broad range of flow conditions. For example, the correlations cover the internal
pipe flow and the external flow over slabs; the transition region between laminar and turbulent flow, and combined
natural and forced convection also are covered. In addition, the structure-to-gas radiation model has the option to
include the equivalent band model, which estimates the absorption and transmission of thermal radiation in steam. A
comparison of heat transfer correlations in MAAP and MELCOR is given in Table A.L

2.5 Water Transport

in the MAAP code, water transport within the primary system is determined by the water volume in each node and
the system average void fraction, when the flow is homogeneous, or when two-phase natural circulation is occurring. ,

The average void fraction is determined from a mass balance on the primary system, including the pressurizer.
.

When the flow phases are separated, but water pools are still coupled, the communication between water pools is
determined by the assumption of equal collapsed water levels in each node (subroutine WLEVEL). When water
pools are decoupled due to the reduction of water inventory, MAAP computes water flows from the cold leg to the
downcomer (subroutine DCOVFL), and from the downcomer to the core (subroutine MNOMTR). In subroutine ,

DCOVFL, the quantity of water transport from the cold leg to the downcomer is determined by a mass balance using
the volumes and water density in each region. All safety injections and break flows are included in the mass balance.
In subroutine MNOMTR, the flow is determined from unequal static heads between the downcomer and the core.
The current time step is used to compute the transport rate. These simple quasi steady treatments satisfy the overall
mass balance; however, they would not be valid during a transient when steam condensation, water entrainment, and
counter-current flow are expected. These conditions could occur if ECCS is restored.

An important part of water transport is the break flow. The break flow, which directly affects the time to core
uncovery, is a key parameter in severe accident analysis. The break flows of the primary system (subcooled water
and two-phase mixture) are computed by considering the pressure difference across the break, the void fraction, and
other fluid properties, in subroutine WFLOW, the ratio of the actual pressure across the break area is compared
with the critical pressure ratio to decide whether or not the flow is choked. The critical pressure ratio is calculated
by a simplified fit to the Henry-Fauske critical flow model. The model was developed for a one component mixture
flowing through convergent nozzles, and it is based on a lumped, non-equilibrium approach. A subcooled liquid, ,

saturated liquid, two-phase mixture, and saturated vapor are all calculated by the Henty-Fauske model.

A-8

-- _ _ _ _.__ __ _ _



Appendix A

Table A.1 Comparison of Structure llent Transfer in the Primary System
.

MAAP MELCOR

Structure Geometry Rectangular Slab Rectangular, Cylindrical,
Spherical, and
Hemispherical

| Structural Material Uniform Non-uniform, user specified

IIcat Conduction 2-D (radial & axial) 1-D (radial)

Nodalization
axial Equal space -

radial Equal space Non-uniform

Number of nodes
axial Fixed --

radial Fixed by the time step allowed User-specified

Power Source Due to fission product User-specified tabular
deposition functions allow time-space

variation

Oxidation No No

Melting Nn No

Heat Transfer in Gas Covered
Region _

Radiation Gray gas model Gray-gas model or
equivalent band model

Natural Convection
Laminar and Turbulent Yes Yes

Transition No Yes

Forced Convection
Laminar and Turbulent Yes Yes

Transition - No Yes

Mixed Convection No Yes

Liquid film evaporation and No (yes for steam generator Yes

condensation tubes)

Heat Transfer in Water Covered
Region
Natural Convection

Laminar and Turbulent Yes Yes

Transition No Yes

Forced Convection
Laminar and Turbulent Turbulent Only Yes

Transition No Yes

Mixed Convection No Yes

Subroutine WFLOW provides three formulas for calculating the flow rate. The first formula is for small void fraction
(a s 0.001), where the effects of friction and pipe length / diameter ratio are included. The other two formulas are
for calculating the intermediate and large void fractions and the effect of pipe length is not considered. The inclusion
af the length effect, when the upstream fluid is near saturation or subcooled (i.e., small void fraction), reflects the
results of small scale tests, which showed a rapid increase of the critical flow with shortened pipe length [4).. Because .
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the critical flow rate is sensitive to the pipe length and/or length / diameter ratio, users of the MAAP code must select

the proper data for the conditions being analyzed.

In the MELCOR code, the flow velocity is first determined using the flow momentum equation (DVH and FP
packages) for each flow path. The flow velocity is then compared with a calculated critical flow to determine if
choking < sould be imposed. The test is bypassed if the flow rate is less than 20 M/S. The threshold is a sensitivity
coeffici. :n which can be changed by the user. The critical mass flux in MELCOR is based on the RETRAN model;
it uses the Moody model for saturated (two-phase) water and the Henry-Fauske ruodel for subcooled water, with a
small interpolation region between them. The Moody model is based on non-homogeneous, equilibrium assumptions.
MELCOR allows a discharge coefficient less than 1.0 to be applied to the flow rate to account for Vena Contractor
effects.

Saha [4] reviewed the Moody and Henry-Fauske models and compared test data from small scale, steady-state critical
flow experiments. The comparison with experimental data reveals that there are disagreements over the effect of
pipe diameters on the critical flow rate. However, there is no discrepancy over the effect of pipe length. All
experiments show that the critic ' flow rate increases significantly as the pipe length is shortened. However, it is not
yet established whether or not the pipe length, or the pipe length / diameter ratio, or both should be the governing
parameters. Saha concluded that both the length and the diameter, along with the upstream fluid conditions, are
important in determining the critical flow rates. Experiments have shown that the critical flow rate also increases
with decreasing upstream enthalpy, particularly for near saturation and subcooled liquid conditions. However, the
modified Henry-Fauske correlation used in the MAAP code for low void fraction flow includes a length / diameter
mtio term and the Moody correlation used in MELCOR does not have any length and/or diameter corrections.

The effects of pipe length and diameter are attributed to thermal non-equilibrium phenomena. The Henry-Fauske
model is based on the non-equilibrium assumptions, but uses a lumped parameter rather than a mechanistic
approach. For this reason, Saha expressed some concern on applying the Henry-Fauske model to transient situations.
Moody's model is based on thermal equilibrium assumptions, and it gives reasonably good predictions for pipes with
large length / diameter ratios. For short pipes and low void fraction, the model under predicts the critical flow rate.'

2,6 Gas Transport

Gas transport in the primary system is computed from a quasi-steady momentum balance. The calculation involves
the imbalance in static heads around the system, the change of nodal gas temperature, and all sources and sinks of

,

gas.

Gas flowing out of the primary system through the PORVs or breaks is computed by subroutine GFLOW. A
I

compressible adiabatic, critical flow model for a gas mixture containing steam and hydrogen is used. The gases are
assumed ideal gases and the compressibility factor for steam is included. The actual pressure ratio across the open
area is first computed and compared with the critical pressure ratio to check if the flow is choked. The mass flow '
rate is then given in terms of the sonic velocity with a multiplier. The multiplier is a function of pressure ratio and |

specific heat ratio.

iIn MELCOR, the procedure to compute gas flow rate is similar to that used for water flow. The momentum
equation is first solved to determine the gas flow rate and compared with a critical flow to determine if choking ]
should be imposed. The critical mass flux of a gaseous mixture is taken as the sonic flux at the minimum section of a i

flow path. A multiplier, which is a function of the specific heat ratio, is applied to the sonic mass flux. The ;

multiplier represents the reduction in density because of expansion, and the reduction in sound speed because of
cooling. Although the formula of critical mass flux used in MAAP and MELCOR are different, the results are about
the same.

1
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3 Core Heatup

3.1 General Core Model and Nodalization

In MAAP, the PWR reactor core is assumed to consist only of fuel rods and coolant flow channels; structural
materials (such as grid plates) and control rods are not included. The pellets and clad in a fuel rod are lumped
together and only an average fuel temperature is computed. Because there are no barriers in a PWR core, a uniform
boiled up water levelis assumed across the core. During uncovery of the core, when the core and downcomer are
hydraulically disconnected from the rest of the primary system, the core and downcomer have the same collapsed
water level.

The core is divided into radial rings and axial rows. All nodal variables have a dimension of a maximum of 70 nodes.
The maximum number of rings is 7, and the maximum number of rows is 20. (The maximum number of rows is
actually 19 for the active fuel; the top row is used to represent the unfueled upper fission gas plena.) Any
combination of rings and rows is acceptable, prodded that the numbers do not exceed the maximum values. The
normalized flow area for each ring and the normalized power for each ring and row are user specified. The reactor
loiver plenum, which is excluded from the primary system nodalization, is lumped with the downcomer. There is no
radial and axial nodalization in the lower plenum, which is treated as one volume,

in the core (COR) package of the MELCOR code, the reactor core includes the portion of the lower plenum directly
beneath the core. Both the core and the lower plenum are divided into concentric radial rings and axial segments. A
particular radial ring and axial segment designates a cell. The number of rings and segments are user specified, and
the maximum nodes allowed for the radial rings and axial segments are 9 and 49, respectively. The maximum axial
segments in the lower plenum is 50. The larger number of axial nodes available in MELCOR should provide a
better description of core relocation and interaction in the lower plenum. A comparison of the nodalizatioa used in
MAAP and MELCOR is shown in Figure A.1 and Table A.2.
In MELCOR, the fuel pellet, cladding and control rod are modeled separately as three components within individual
COR cells. Oder structural materials, such as a grid plate, also are allowed in each cell. A lumped parameter
treatment is used for each of the above components within a cell; therefore, each component is represented by a

,

single temperature. Six materials can be specified in the COR package. The materials are UO , Zircaloy, steel,2

Zircaloy oxide, steel oxide, and control rod poison (Ag In-Cd alloy).

3.2 Heatup of Water Pool and Covered Fuel Nodes

The covered part of the core in MAAP extends from the bottom of the core to the location of the boiled-up level.
*

The boiled-up level is determined by subroutine VLEVEL, in which a total mass balance is performed as the volumes
of the core and lower plenum are accounted for, la determining the amount of water stored in the reactor core
region, the lower plenum is assumed to be a hemisphere, and its free volume is computed as (2/3 x r'), where r is
the radius of the lower plenum. This computation ignores the presence of support structures and instrument guide
tubes in the lower plenum. Without considering the volumes occupied by the structural materials, the free volume
and the amount of water stored in the lower plenum are overestimated. This would affect the predictions related to

corium/ lower head interaction.

In the covered part of the core, steam generation is computed by boiling and flashing. Boiling is caused by heat
transfer from the covered fuel nodes to the water pool. Both the internal thermal resistance in the fuel rod and the

~,

external convective resistance at the fuel rod surface are considered in the heat transfer calculation. The convective
heat transfer is computed "using Dittus-Boelter correlations if film boiling is assumed, otherwise a constant value,
1000, for nucleate boiling is used" (subroutine HEATUP, pg. 8) [1]. Neither the film boiling correlation nor the code
logic to switch from film boiling to nucleate boiling is given in the' user's manual [1].
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Figure A.1 Comparison of Core / Lower Plenum Nodalization-

,

For a partially covered node, the decay heat of that fraction of the node under water level is used as the only beat
source to the water pool, and no other heat transfer is computed.' When the core is recovered, the. heat transfer

,.

!

calculation is based on a consideration of two-phase hydrodynamic stability. This stability consideration assumes that
a maximum steam velocity exists beyond which liquid droplets would be entrained in the gas stream and be carried
out of the pool.' A maximum boil-off rate is computed from this maximum steam velocity. The MAAP code assumes
that heat transfer to the water pool based on this stability is an upper limit, and that heat transfer computed from ,

convection or decay heat can not exceed this limit.

Steam generation by flashing is calculated in subroutines POOL and RATES, if the pressure in the' prhnary system
changes with time. These two subroutines compute the rate of mass that has to be released from a superheated .

,

'

water pool to maintain it at saturation. When performing these computations, a characteristic time is used to
determine the rate of flashing. The characteristic time is simply the current timestep if the equilibrium '

H: ' thermodynamics modelis used. However, the characteristic time is the greater of five times the current timestep, or
5 seconds, when the non-equilibrium thermodynamics model is used. According to the MAAP manual, the choices of .
time scales are based on stability considerations.

Thermal radiation is another potential source for steam generation. MAAP models the exchange of thermal
|

L radiation between gas and water pools (subroutine HTGPL). The model assumes that radiation heat transfer is
directly related to the partial pressure of steam and the radiation path length. When the model is applied to the .

reactor core region, there is a large uncertainty in determining the radiation path length. The presence of fuel |

bundles with or without cladding ballooning would make it difficult to evaluate the radiation path length, it is noted .j

that the MAAP radiation model does not include the downward axial radiation from fuel nodes to the water pool.
This radiation heat transfer could be important when fuel nodes above the suam water interface are highly oxidized
and are at relatively high temperatures.
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Table A.2 Comparison of Core Modeling Appendix A

Model MAAP MELCOR

Maximum nodes in core
Axial 20 49

,

Radial 7 9

Total 70 - 441

Maximum nodes in lower plenum
Axial 1 50

Radial 1 9

Fuel Rod Lumped Clad and pellet separated

No axial conduction Gap conductance and axial
conduction included

Control Rod Not modeled Lumped

Structural Material Not modeled Lumped

UO , Zr, ZrO2Material Represented UO , Zr, ZrO2 22
steel, steel oxide, and Ag In Col
alloy

*

Zr Oxidation Yes Yes

Termination of Zr Oxidation Onset of melting or blockage User-specified cut-off
model chosen temperature

Fe Oxidation No Yes

Termination of Fe Oxidation No-

Clad 11allooning Yes No

Clad Failure Yes No

Steam generation due to boiling and flashing is a very important source for the metal / water reaction (MWR) in the
uncovered region above the water level. If steam generation is not properly computed, steam starvation often
becomes the limiting mechanism for Zircaloy oxidation and severely restricts the predicted hydrogen generation.

In the MELCOR code, simplified nucleate and film boiling correlations are used to estimate the heat transfer from
the covered fuel nodes to the water pool. Heat transfer between water and structural materials immersed in the pool
also is modeled. Pool convection and boiling correlations are used to compute this heat transfer. At the water / gas

F

interface, MELCOR computes mass and energy transfer according to a user specified equilibrium or non-equilibrium
thermodynamics model. When the equilibrium thermodynamics model is specified, mass and energy transfer between

;

the water pool and gas is instantaneous. When the non-equilibrium thermodynamics model is specified, MELCOR
calculates the energy exchange at the pool surface, the rate of evaporation or condensation there, and the rate of
phase separation as bubbles rise to join the atmosphere.

3.3 Heatup of Uncovered Nodes

Modeling of the heatup of the uncovered fuel nodes is an important part of the analysis of a degraded core accident.
*

The energy balance for the nodes m the core region includes consideration of decay heat, oxidation heat, convection,
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and radiation heat transfer. For the case of upper head injection, MAAP also models the heat loss to water sprayed
into the' top of the core. Before core melt and relocation, decay heat is related to those fission products associated
with the fuel nodes. The decay heat only includes that portion of the decay heat associated with nonvolatile fission
products after molten fuel relocation occurs. At this time, the energy of the molten corium also is included in the
energy balance as a heat gain or loss. If corium is entering a node, it represents an energy gain, whereas if corium is
leaving the node, it is an energy loss. A similar energy balance is performed in the MELCOR code.

A one dimensional radiation model is u ed in MAAP to estimate radial heat transfer by radiation from the inner fuel
assemblies to outer assemblies m d fran the outer assemblies to the core barret Two assumptions are involvul in
this model: view factors between two neighboring radial nodes are one and the emissivities of the surfaces also are
unity. Both assumptions yield maximum radiation heat transfer. Fuel rod to gas radiation is not modeled in MAAP.
Thus, the absorption, transmission, and emission of radiation by steam at high temperatures are not accounted for in
MAAP.

Convective heat transfer is computed for a gaseous mixture of steam and hydrogen. Forced laminar and turbulent
heat transfer correlations for fully developed flow in circular pipes are used. No natural convection heat transfer
correlation is provided in MAAP. The thermal resistance due to internal conduction in the fuel rods is considered in
the heat transfer calculation. The internal thermal resistance in a lumped pellet and clad node involves two
approximations: (1) the effective radius of the fuel rod is 03 of the pellet radius, and (2) the thermal conductivity of
the lumped node is represented by the thermal conductivity of UO . These approximations are considered to give a2

reasonable estimate of the fuel to-clad heat transfer [HEATUP/PWR, pg. 8]. The appropriateness of these
approximations at high temperatures when the clad is oxidized is uncertain. Oxidation of the clad would greatly
reduce the thermal conductivity of the clad. (The thermal conductivity is about 42 and 2.5 w/m K for Zr and ZrO ,2

respectively.) In addition, clad ballooning at high temperatures and low pressores would increase the pellet-to-clad
gap resistance. These factors could cause MAAP's heat conduction model to be inaccurate at high temperatures.

Ic MELCOR, the pelles and clad are not lumped together; radially average temperatures are computed separately.
Radial conduction through the pellet-to-clad gap is calculated by an analytical expression, which includes the thermal ~
radiation and gas conductance through the gap region. The user specifies the gap thickness to use in the model.
Axial heat conduction is modeled for both the pellet and clad. In general, axial heat conduction is insignificant,
except at the liquid-gas interface, where it can be important due to the very steep temperature gradient that exists in
this region. This steep temperature gradient could induce a large axial heat conduction from the uncovered fuel
nodes to the water pool and contribute to water bolloff, in addition, the separation of the pellet and the clad in the
MELCOR code should provide a better estimate of the clad temperature, which is important for predicting the ,

oxidation rate and the onset of clad failure. The lumped parameter treatment together with the estimate of the
effective pellet radius modeled in the MAAP code could produce more uncertainty in the predicted fuel temperature.
Because the decay heat and the oxidation heat are distributed uniformly over the lumped node, the clad temperature
would be over-estimated before oxidation and under-estimated after oxidation occurs. The temperature uncertainty "

will, in turn, affect the hydrogen generation rate. (Although an interactive procedure is used in MAAP to estimate
the clad surface temperature during core recovery, the validity of the procedure was not demonstrated.)

Convective heat transfer in MELCOR is treated for a wide range of flow conditions. Correlations for laminar and
turbulent gas flow in both forced and natural convection are provided. The laminar forced convection correlations
represent both developing and fully-developed flow in circular pipes and rod bundle arrays. The turbulent forced
convection correlations are the same as that used in MAAP. The natural convection correlations are for flows in;
narrow vertical channels.

!

In MELCOR, thermal radiation is modeled among components (i.e., clad, control rod, and structure) within a cell |

and across cell boundaries. The radiation model considers intervening gray medium (i.e-, steam) between surfaces.
The emissivity of Zircaloy is computed as a function of temperature and oxide thickness, and the emissivity of steelis
temperature-dependent. The emissivity of steam varies depending on the temperature of the steam and the optical
depth. (The optical depth is the product of steam partial pressure and mean beam length; both are computed in the

a
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code.) The new factors used in the radiation model represent the effects of surface orientation and are specified by
the user.

In summary, the MELCOR treatment of heat conduction, convection, and radiation it, the uncovered region is much"

more rigorous than the treatment by the MAAP code. The treatment of the heat transfer in the uncovered region of
the core is a very important companent for analyzing the degraded core accident sequences. Separation of the clad
and pellet, and the inclusion of control rod and structural materials in the core regica (as modeled in MELCOR) will
have some impact on the predicted core meltdown progression (relative to MAAP predictions).

3.4 Metal Oxidation and Hydrogen Generation

Zircaloy oxidation by steam becomes important at temperatures above 1300K. The oxidation rate laws used in
MAAP are the Cathcart and Baker Just solid-state diffusion correlations for temperatures less than 1850K and
greater than 1875K, respectively. An interpolation between the two correlations is made between 1850K and 1875K.
The two correlations are compared with other correlations used in MELCOR, MELPROG, and SCDAP in
Figure A.2.

At higher temperatures (above '

1875K), the Baker Just /.. "'*.'" ".'* ~ ,,. , j
' ' '

correlation (used in MAAP) .

predicts a higher oxidation - - e g.;.a an.=g
rate than the Urbam,e- . .. . . c, , , , , , , , ,

Heidrick correlation (used in
- saa m u,m.n,,m. ,,

MELCOR), but a lower rate '.i*- " ";|"" ||| ||||.'?L ,,..,,
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N\the Cathcart correlation

agrees well with the Prater-
Courtright correlation. The
difference in reaction rate , , , .. .

shown in Figure A.2 rnay not " " " '? " *,' " ",,,

be very important, because
hydrogen generation is often
controlled by other factort, Figure A.2 Comparison of Growth Rate of ZrO2

such as steam availability and
clad surface temperature.
During a degraded core accident, the steam availability could become the dominant factor. Without the restoration
of a core injection system, hydrogen generation is often terminated due to steam starvation during a severe accident
sequence.

MAAP also allows (through user input) double sided oxidation after the clad is predicted to burst. Because clad
burst is often associated with flow blockage, which may restrict the steam supply, the double-sided oidation options
may not significantly affect the overall hydrogen production.

In MAAP, clad oxidation is terminated either due to blockage or the onset of melting when the block option is used.
The eutectic melting temperature is specified by the model parameter No. 52, with a default value of 2560K. When a
node temperature reaches the r:utectic melting temperature, MAAP assumes that the flow area at that node is
reduced to zero and no steam flow is available; hence, no further oxidation can occur.
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Flow blockage also can be controlled by the model parameter No. 55, which specifies a minimum porosity (default
value 0.1). When a node porosity is less than the minimum value, MAAP assumes the flow channel is comp!ctely
blocked and the oxidation is terminated.

It should be emphasized that the termination of hydrogen generation due to melting as modeled in MAAP does not
agree with some experimental evidence. For example, PBF tests [5,6] have shown that a large quantity of hydrogen
was generated after the start of Zircaloy melting. Metallographic determination of local peak temperatures of the

[ PBF debris after testing showed continued oxidation and hydrogen generation at temperatures higher than the

|
Zircaloy melting point. These test data do not indicate a cutoff or diminished hydrogen production after the start of

I. Zircaloy melting and fuel dissolution.

In MELCOR, clad oxidation is controlled by two user-specified oxidation cutoff temperatures to prevent oxidation
below or above certain temperatures. The lower cutoff temperature (default = 1100K) prevents oxidation at
temperatures that generate only minute quantities of hydrogen. The upper cutoff temperature (default = 9900K) can

,

| be used to limit the amount of oxidation for sensitivity analysis, such as blockage and melting.

In addition to Zircaloy, oxidation of stainless steel is another potential hydrogen source during a degraded core
accident. MELCOR has a model for steel oxidation which is similar to the Zircaloy oxidation model. The steelis
divided into four constituent elements (iron, chromium, nickel, and carbon), according to the mass fractions specified
by the user on input data. Separate reaction equations for these elements are used to estimate the quantity of
hydrogen generated and the reaction energy produced. A parabolic rate equation is used to estimate the reaction
rate for steel. The steel oxidation rate equation used in MELCOR is compared to the Zircaloy oxidation rate
equation used in MAAP (i.e., the Baker-Just and Cathcart correlations) in Figure A.3. The rate of oxidation of steel
by steam is relatively small compared with the oxidation of Zircaloy at temperatures below 1400K. However, at
higher temperatures and near the steel melting point, the rate of oxidation of steel exceeds that of Zirealoy. Recent
studies showed that natural circulation in the primary system at high pressure could result in high structure .
temperatures in the upper plenum, hot leg, and surge line [7,8]. When this situation occurs, oxidation of stainless
steel could occur in these regions, and additional hydrogen would be generated from this source.

The MELCOR steel oxidation model only applies to structures in the core region. No oxidation model is provided i

for structures in the upper plenum and primary system. MAAP does not have a steel oxidation model Hence, both |

codes could underestimate hydrogen generation if conditions for steel oxidation exist in the primary system durmg a |

degraded core accident. I

l
3.5 Clad Ballooning ]

Subroutine STRETH in MAAP computes clad ballooning caused by a pressure differential across the fuel cladding.
The release of Xenon gas from a fuel pellet and the over heating of the fuel rod are used to establish the internal gas
pressure of the fuel rod based on the ideal gas law. Depending upon the internal gas pressure and the extent of the
loss of pressure in the primary system, hoop stress is computed for each axial node. This is followed by the
calculation of both clastic strain and plastic strain. The cladding behaves locally clastically, if the clastic strain is
greater than the plastic strain. Otherwise, the cladding begins to deform plastically and the rate of plastic strain is
computed, if the plastic strain is greater than the clastic strain. All strain correlations used in MAAP are from the
handbook MATPRO. The following effects of clad ballooning are modelled in MAAP:

(1) Increasing the local fuel rod area for heat transfer and oxidation;

(2) Increasing the local flow resistance, and hence, decreasing the satp% circulation flow rate of the upper
plenum-to-core; and

(3) Diverting flow to less-ballooned channels.
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The MAAP code also
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MELCOR does not model
3" " *clad ballooning and burst; it

' 'only provides a specified time- Figure A.3 Comparison of Fe/ Steam Oxidation wit's Zr/ Steam Oxidation
and-space dependent blockage
for flow channels that is

b specified by the user. The oxidation by residual steam on both the inner and outer surface of the clad, which is
implemented in the MAAP code after clad burst, is not modeled in MELCOR.

.

4 Natural Circulation

Natural circulation flow in the primary system is an important mass and heat transfer process that can influence the-
progression of a severe accident sequence. The impact of various modes of natural circulation is imporant 'during 'f

different periods of a severe accident. The pre-dryout natural circulation of the primary system, during a scquence
with loss of forced circulation, determines core cooling in the primary system and influences the time of core.
uncovery. The steam / gas natural circulation within a PWR reactor vessel and between ll e upper vessel head and the
steam generators, during a high-pressure post-dryout/ pre melt period was recognized as a very important .

phenomenon with a strong influence on the accident sequence [7]. In some sequences, the energy redistribution a

could be of such a magnitude that the possibility of the primary system failing before fuel failure was considered [8).
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' Since MAAP 3.0B does not have a momentum equation which can handle natural circulation phenomena, additional
models were introduced into the code to simulate the most important modes of natural circulation in the primary i

system. The impact of natural circulation is of greatest importance in high-pressure PWR sequences, and therefore, '|
|most of the models exist in the MAAP PWR code.

Accurate simulation of natural circulation phenomena requires a detailed multidimensional / multiphase model which
needs a considerable amount of computing time. Usually such models are not suitable for simulating severe accidents
that may extend for several hours. Therefore, simplified one-dimensional or space-independent models are used
under these circumstances. These models should be able to give adequate predictions of energy redistribution and
the flow field. However, an assessment of such models is necessary to validate their applicability to the severe
accident analysis being performed.

There are three models for natural circulation in the MAAP 3.0B PWR code:
1. Core Upper plenum circulation
2. Hot leg-Steam generator circulation
3. PWR primary system circulation

The basic characteristic of all the models is that they consider only a single-phase ideal gas, which is assumed to be a
mixture of steam and noncondensibles. No phase change models are included. Natural circulation flow is calculated
using a quasi-steady momentum balance along predefined loops. The acceleration pressure drop is neglected in all
models.

4.1 Core - Upper Plenum Natural Circulation

This natural circulation is an important energy transfer mechanism during a high pressure PWR transient. The
MAAP 3.0B model allows a user to choose between two predefined flow patterns associated with different vessel
geometries (Westinghouse or Babcock & Wilcox).

Total natural circulation flow is calculated in HEATUP/PWR, using the as.umption that all up and all down flowing
channels have the same friction pressure gradient, which is based on constant friction factor, f=0.1. This friction
factor influences friction vs buoyancy pressure drop and the onset of natural circulation. A constant value for the
factor seems to disregard the importance of the phenomenon, especially when it could be calculated using one of
several correlations already present in the code.

The return flow occupies half of the total core flow area, although the upward flow has a non-returning component
and a lower average density. A simplified continuity equation or experimental results could be used to obtain a
better approximation of the flow area distribution.

'

The pressure drop of the horizontal flow is taken into account only in the fuel region (ti a pressure drop of the upper
head flow is neglected). This is probably of secondary importance since an integrated momentum equation is used to
calculate natural circulation flow, and the pressure drop in the upper plenum could be included in any other loop

component.

It is assumed that downward flow turns sideways when its temperature equals that of the upward flow. It seems that
an equal density criterion would have a better physical foundation for the sideward flow. Equal temperature is a
good approximation if the upward and downward flow have the same composition (or are one component flows).
The comparison, which is used to support the model,is done against s ngle component experiments and is not
sufficient for the model. A comparison against multicomponent flow experiments or numerical simulations would
give a proper assessment of the model.
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The horizontal flow area is assumed to have a constant height (0.5 m) regardless of the system's dimensions. The
user can investigate this rough assumption by making sensitivi y studies in which the c*oss flow friction factor could
be changed.

The total core flow calculated in subroutine HEATUP/PWR is partitioned among parallel channels using the '

criterion on equal pressure drop (subroutine REMIX). The acceleration pressure drop is neg!ceted in the
momentum balance, which tends to overestimate the flow in a heated channel. MAAP also allows the user to disable
the full two dimensional, core flow model used in REMIX, and replace it with a simple model that splits the flow

based only on the flow areas.

After reactor vessel failure, natural circulation between the upper plenum and the core is assumed to be replaced by
overall uni-directional natural circulation patterns, which are set up around the coolant loops of the primary system.

4.2 Hot Leg - Steam Generator Natural Circulation

The model for energy transport from the upper head of the reactor vessel to the hot leg and steam generator tubes
can significantly impact high pressure severe accident sequences. This natural circulation phenomenon transfers
energy to other parts of the primary system pressure boundary (the pressurizer surge line and steam generator
tubes), making failure of the pressure boundary before the core melts and the lower plenum fails, a possibility. A
simplified modeling of this counter-current flow in the hot leg and the two-way flow in the steam generator tubes is a
difficult task. MAAP 3.0B has simple models for the natural circulation in both U tube and once-thrcugh steam
generators as discussed in Section 43.1.

4.2.1 Model for the U Tube Steam Generator

The difference in lemperature between the upper head of the reactor vessel and the intet plenum of the steam , , ,

generator givt.s rise to a counter current flow in the hot leg. The flow is modeled using a correlation based on static
momentum balance with a coefficient as a model parameter. The default value for the correlation coefficient was .,

derived from the experiment.

The difference in the inlet and outlet plena temperatures of the steam generator gives rise to the flow-through steam
generator tubes. The gas flows from the inlet plenum through a certain number of the U-tubes to the outlet plenum,
and returns back to the inlet plenum through the rest of the tubes. Using the calculated heat transfer coefficients for
the "out' and "back" tubes, a constant secondary temperature, and a linearized density change, the flow temperature
can be calculated as a solution to the system of nonlinear equations.

The fraction of tubes, with flow in the "out' direction, is a user-input parameter. Benchmarking calculations show - ,

'

good agreement with test data, when the fraction of tubes carrying the outflow is taken between 0.25 and 0.45.

4.2.2 Model for Once-Through Steam Generators

The model for the natural circulation in the once-through steam generators neglects heat transfer between the
primary and secondary side due to water seal, which prevents flow through the tubes. However, those temperature
differences between the upper head of the reactor vessel and hot leg, and the hot leg and candy cane give rise to
counter-current flows in the hot leg and candy cane. The model for the counter-current flow is similar to that used in
the U tube steam generator. It is assumed that the bulk of the heat is dissipated in the candy-cane.

A-19
|



Appendix A

4,3 Primary System Natural Circulation

43.1 Two-Phase Mixture Natural Circulation

A very simple model for natural circulation of both separated and homogeneous phases in the primary system exists
in the MAAP code. The modelis based on the assumption of a constant void fraction in the whole primary system.
The average void fraction used as a set point for the switch between the homogeneous and stratified model in the
primary system is a user input parameter.

The same void fraction is used for a break flow calculation, which leads to a large uncertainty in the calculation for ,

the primary coolant inventory. A user specified break area using experimental or design code results could be the
answer to this problem.

In the separated mode, if the pools are connected, the flows are based on the constant collapsed water level in the
'

primary system if the pools are decoupled, the flow rate between them is calculated as an excess water mass divided
by the time step (DCOVFL). Quasi-steady manometric balance is used to calculate downcomer-core flow rate.

The simple flow model is enhanced in steam generators to predict the phenomena for the natural circulation of the
two-phase mixture such as phase separation and reflux-condensation heat transfer mode.

Although it may seem that the natural circulation flow model of the two phase mixture m the primary system is
oversimplified, the additional models introduced into the code may significantly improve the code's abilities of
simulation. However, assessment through integral natural circulatica tests is necessary to validate code applicability
to severe accident analysis.

43.2 Natural Circulation of Gas in the Primary System

The natural circulation flow of the steam /noncondensibles mixture in the primary system influences mass and energy
transport during a post dryout phase of severe accidents. The model implemented in MAAP 3.0B calculates the
average temperature of gas in I'TCAL by lumping together all the control volumes. Gas temperstures and flows of
local control volumes are calculated in subroutine FLOW using quasi-steady morrentum balances over predefined
flow loops and an ideal gas equation of state. The flow through the loop is set to zero if the flow path is blocked due
to water.

4.4 MELCOR Natural Circulation

There are no special models for natural circulation in MELCOR L8.0. However, because the control volume and the
topology of flow paths are user inputs, and multiple flow paths between control volumes are allowed, the user can
model natural circulation phenomena during the severe accident. The one-dimensional momentum equation that is
solved for the flow path network has gravitational heads. This equation is expected to give good results in the case of
simulating simple, one dimensional netural circulation. However, the results are dependent on user specified
nodalization and modeling of multidimensional counter-current natural circulation during the severe accident could be

uonly roughly approximated,
4

5 Accident Initiation, Intervention, and Operator Action

The MAAP code uses " event flags" to initiate an accident transient and to set up the intervention conditions for ,

t

operator actions. These flags define the events that cause the accident. The liags cover a large range of potential
accident initiators, including loss of electrical power, loss of main and auxiliary feed water, the availsbility of high
pressure injection (HPI), low pressure injection (LPI), upper head injection (UPI), and charging pumps, r, tuck open
PORVs in either the primary system and/or the steam generator system, a V sequence, and a break in the primary
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system. The flags are sufficient to represent all potential accident initiators that have been identified in current
PRAs.

The intervention flags set up conditions by specifying limits for any set of key variables, or by declaring any of the
event flags as key events for operator actions. There are 12 key variables which can be used as bases for intervention
for PWRs. They involve pressures, temperatures, water levels, time, and others. The pressure controlled flags are:

Primary system pressure, and
Containment building pressure.

The temperature controlled flags are:

Lower compartment temperature, and
Hottest core node temperature.

The water-level controlled flags are:

Water level in the Pressurizer,
Water level in the RWST, and
Water level in the unbroken loop steam generator system. ,

The time controlled flags are:

Problem time, and
Delta time after the previous intervention has occurred.

The other flags are:

Average void fraction of the primary system,
Total hydrogen mass generated in accident,
User defined events.

Although most of the important variables are included in the intervention flags for potential operator action, there
are still some variables which could be added to the above list. For example, the temperature in the containment

. annular region could be added as a base for potential operator action. There is important equipment, such as
accumulators, pressurizer celief tank, vent ducts, and electrical cable panels, located in the annular region. An
indication of high temperature in this region could allow the operator to initiate containment sprays or fans to lower
the temperature. This operator action could be modeled by an intervention flag. (Note that tho sprays and fans are
only activated automatically by pressure setpoints in the MAAP code.) Another example is the temperature in the
reactor cavity region, which could be used as an intervention flag to initiate cavity flooding. Cavity flooding is
modeled in the MAAP code and has been considered as a potential severe accident management s*.rategy [9]. The ,

operator actions cited in the previous examples can be modeled by MAAP using time as the irletvention flag.
However, the timing would have to be determined by a previous analysis.

There are no equivalent intervention flags in the MELCOR code. MELCOR uses the control function defined in the
Control Function Package (CF) to perform similar intervention and operator actions. The CF. Package allows the
user to define functions of elements in the MELCOR database, and make values of these functions available to other
physical packages. The logical-or real-valued control functions may be used 'o initiate or control the operation of
models or components as conditions change during a calculation. Examples oi .ontrol functions are:

(1) The operation of pumps,

(2) The actuation of spray sources,
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(3) The opening and closing of valves, and
'

(4) The initiation of trips.

Because the elements used in the MELCOR Control Functions are from the MELCOR database, the number of

variables which can be used for intervention are much more than the 12 variables defined in the MAAP code for
|

PWRs. It would be easier for MELCOR to simulate operator actions required by the Emergency Operation
Procedures (EOPs) and any potential severe accident management strategies.

6 Engineered Safety Systems

MAAP models the passive and active emergency core cooling systems. The passive systems include the low pressure
accumulator and the high prersure accumulator (i.e., upper head injection for ice-condenser plants). The active
systems include charging pumps, safety injection pumps, and low pressure injection through the residual heat removal

*

(RHR) pumps. For the containment, MAAP has a spray model and a fan cooler model. The suction and discharge
of all engineered systems are summarized in Table A3.

Table AJ Engineered Sarcty Systems Modeled in MAAP

__

System Suction Discharxe

injection Recirculation

UHI Accumulator No Upper head

LP Accumulator Accumulator No Cold leg or downcomer

.Safety iniection
CHP RWST with external Sump and RHR HX Cold leg or hot leg or

HPI makeup downcomer~

LPI

containment Safety
System

Sprays RWST with external Sump and RHR HX Containment

makeup

Upper containment lower ContainmentFan -

The actuation logic for the safety systems is defined in subroutine EVENTS. The use of two event flags is sufficient
to model the three positions (on, off, automatic) of all engi cered safety systems. The event flags also define water _
sources for the system; namely the RWST, sump, or accun. .lator, In addition, a condensate storage tank is defined
for the auxiliary fecdwater, and a cavity injection tank for c vity flooding. However, no alternate water source is
specified in the subroutine EVENTS. In a study of candidate accident management strategies [9], several
recommendations were made to ensure manualintervention upon failure of automatic switchover, and to ensure
adequate heat removal by emergency connection of existing or alternate water sources. The water sources include
the service water or firewater supply system. To model these potential accident management strategies, MAAP -
would have to include an alternate water source in subroutine EVENTS and in the parameter file.

All core injection systems are actuated by pressure setpoints given in the parameter file and can be changed by user's
input. Ac,:ording to the Westinghouse PWR System Manual [10], the enginected safety features will be actuated by
the four signals listed below,in addition to the manual operation:
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(1) Low pressurizer pressure,

'(2) High containment pressure,

(3) High steam line differential pressure, and
(4)- High steam line flow coincident with low steam line pressure or low-low average temperature.

The first two signals are modeled in MAAP by tl- automatic or intervention event flags. Presently, the last two
signals cannot be simulated by MAAP. ,

The performance of the engineered safety systems are modeled in subroutine ENGSAF in MAAP. This subroutine
computes water mass flow rate, energy flow rate, water temperature, the required net positive suction head for
pumps, and the exit temperature of the heat exchangers. The pump flow rate can be specified by a 5 point pump
curve. The ability to throttle the pump discharge and refill the RWST are two features of the MAAP model. These
two features also are part of the accident management strategies recommended by Luckas et al. [9].

The restoration of the ECCS introduces many complex thermal hydraulic phenomena in the primary system. There
will be steam condensation, entrainment, and counter current flow in the downcomer. The core region above the
quenching front will be either in the inverted annular flow regime (for high flooding rate), or the dispersed droplet
regime (for low flooding rate). However, both regimes have poor heat transfer characteristics. The fuel rod will be
subjected to a large temperature gradient in both the radial and axial directions. In a degraded core accident,
complex corium/ water interaction could occur. The present version of MAAP may not be able to simulate these
phenomena.

7 Summary

Based on this preliminary review,it appears that the MAAP code can model all of the major elements of a PWR
system and the important thermal-hydraulic phenomena. A large number of model parameters allows the user to
perform sensitivity studies. The logic used in the code proddes a convenient way to simulate accident initiation,
intervention, and operator action. The following are some specific comments, which are discussed in more detail in
the report:

'

(1) The fixed nodalization for the primary system and reactor core is restrictive.

(2) inclusion of structural materials, other than steel should provide a more general treatment of structures.

(3) Control rod and structural materials can influence the progression of a degraded core accident. They are
currently not included in the core heatup model in MAAP, neither are models for steel oxidation.

(4) The validity of the fuel rod heat conduction model has not been established for situations in which clad
oxidation and ballooning have occurred.

(5) Adding a natural circuotion model in the MAAP code is an improvement for treating this important
phenomena. More benchmarking calculations under various conditions, such as two-component flow with
mixed convection could help to validate this model

.
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Part 11 In Vessel Melt Progression

8 Oxidation and Hydrogen Generation

The MAAP modeling of clad oxidation and hydrogen generation while the reactor core has an intact geometry is
relatively straightforward and was reviewed in Section 3. During the core heatup, MAAP allows the clad oxidation to
be modified when clad ballooning occurs. Ballooning has two potentially opposing effects on the extent of clad
oxidation. It increases the surface area, which tends to enhance the oxidation, and reduces the area of the flow
channels, limiting the amount of steam available for reaction. The net effect on clad oxidation depends on a balance
tjetween the two effects. MAAP allows for double sided oxidation to simulate steam ingress after rupture of the clad.

In the uncovered region of the core, clad oxidation is terminated at the onset of fuel melting and flow channel
blockage. When to terminate hydrogen generation represents a large uncertainty of the phenomenological modeling .
in MAAP. This assumption does not agree with experimental evidence. Data from several experimental programs
demonstrated that hydrogen generation continues after melting and relocation [11]. In fact, experimental data
suggests that a significant amount of hydrogen could be generated after Zircaloy melting and relocation.

In a region reflooded after the onset of melting, oxidation may continue if the user defeats the submerged blocking
model with IEVNT-1. Because a covered node is assumed to rapidly quench, this option does not significantly
influence the predicted hydrogen generation. For an uncovered node there is also the option of defeating the
blockage model (FCRBLK=O), which will effectively allow the oxidation to continue.

Hydrogen generation from the interaction of corium with water in the lower plenum of the reactor vesselis modeled
in the PLH2 subroutine of the MAAP code. Any Zircaloy, which has not reacted previously in the core region, can
be oxidized as it drains into the water pool, remaining in the lower plenum of the reactor vessel. The important
features of the PLH2 model are summarized below:

(1) The entire raass of corium (i.e., uranium dioxide, metallic zirconium, zirconium oxide, and steel) is involved in ,

the reaction. The corium is assumed to be in the form of particulates.

(2) Properties of the uranium dioxide,instead of the mixture properties, are used in the heat balance calculation to
estimate the corium temperature and heat flux from the corium surface.

(3) A critical steaming rate (input) is used to estimate the total pool heat removal.

(4) The total corium surface area is estimated from the total pool heat removal, corium heat flux, and corium
mass.

(5) The total corium surface area is assumed to musist of metallic zirconium which allows the metal / water
reaction to take place. ,

(6) The corium quenching time is estimated by assuming that the surface cooling is limited by either a) surface
heat transfer, or b) conduction within the particles. The time to reach the zirconium freezing point is assumed
to be the maximum of the two quenching times.

(7) Metal oxidation and hydrogen generation are terminated at 1000 K.

The PLH2 model is not mechanistic and involves a large range of uncertainty caused by parameters such as corium
mass, surfacc area, physical properties, and cooling rate.

In Section 3, we explained that MAAP does not consider potential hydrogen generation due to steel oxidation.
Comparisons between steel oxidation and zircaloy oxidation show that the reaction rate of steel is higher at
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temperatures above 1450 K. The steet reactk,a is considerably higher when steel reaches its melting point. A 3000-
Mwt PWR plant, such as 7. ion, contains about 3400 kg of stainless steel in the core region. After the onset of core
melting, this amount of r .,if reacted, could prod.sce about 160 kg of hydrogen based on the following reaction: ;

3Fe + 4H O > Fe30 + 4H2 4

Thus, without modeling steel oxidation, MAAP could potentially underestimate the total hydrogen production.

In the MELCOR code, both Zircaloy and stainless steel oxidation are considered [2]. The metal oxidation is not
terminated at the onset of melting and is allowed to continue during core relocation. Although MELCOR does not
have a mechanistic treatment of metal water reactions (MWR) during core relocation, it estimates the hydrogen
generation based on the quantity of steam and surface area available at that time. MELCOR defines a Zircaloy
oxidation cut-off temperature for parametric studies. No cut-off temperature is defined for steel oxidation.

9 Core Melt

The core meltdom process during a degraded core accident is extremely complex. Much of the complexity is due to
the composition or the reactor core. In a PWR core, UO: and Zircaloy make up about 94 Wt% The remaining
materials are primarily stainless steel, Inconel, control rods made of Ag In-Cd material, and Al O used in the2 3

burnable poison rods. AI! these materials have different melting temperatures, and complex chemical reactions can
occur amor.g the various components. A mechanistic treatment of the physical and chemical phenomena associated
with core melt is not feasible for integrated system codes, such as MAAr and MELCOR. These codes must use a
simplified approach to represent the major features of the core melt process. Before reviewing the MAAP code, a
brief description of the core meltdown processes based on existing information available in the literature [11,12,13,
14] is presented. With this background, the MAAP code will be assessed and comparisons with the MELCOR code
will be made.

Hofmann [12) suggested that core meltdown processes could be characterized by three temperature regimes. The
first temperature regime is between 1473 K and 1673 K. During this temperature regime, the Ag-in-Cd alloy
(control rods), which has a very low melting temperature (1073 K), is likely to be the first. component to melt after
core uncovery. Any mechanical rupture of the control rod cladding (stainless steel) will allow the molten Ag-In Cd
alloy to contact the Zircaloy guide tubes and even some of the Zircaloy cladding around the fuel rods. The contact
would form low-temperature eutectic solutions and cause local damage in the core region well below the melting
temperature of Zircaloy (approximately 2033 K). The relocation of the cutectic solutions may form a local blockage
which would restrict flow and cause accelerated heat up of the core.

The second temperature regime is between 2073 K and 2273 K. If the Zircaloy clad has not been oxidized, then it
will melt at about 2033 K and relocate downward along the fuel rod. If an oxide layer has formed on the outside
surface of the clad, then relocation of any molten Zircaloy on the inside will be prevented, because the oxide layer
will remain solid until the core reaches much higher temperatures (the melting point of ZrO, is 2973 K). Under
these conditions, the molten Zircaloy will chemically dissolve the solid UO pellet and ZrO shell. The result is
chemical dissolution (i.e., liquefaction) of UO and ZrO by the molten Zircaloy at about 1000 K below the melting2

points of UO: and ZrO .2

The third temperature regime is between 2fr73 K and 3123 K. If a reactor core ever reaches this high temperature
regime, the remaining U0, ZrO , and the (U, Zr) O solid solution will start to melt. This melting will lead to2 2 2

complete meltdown of all remaining core materials.

In the MAAP code, the control rods and structural materials in the core region are not included in the core melt
model. (They are considered for release and transport of fission products.) Therefore, the early formation of local
blockage by the low temperature eutectic solutions of control rods and structural materials, and their impact on the
heatup rate of the core are not considered. Only the cutectic solution of UO , ZrO , and Zr is assumed in MAAP.2 2
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. Melting of the undissolved Zr is not modeled. Core melting is determined by a user specified eutectic temperature
and a user specified latent heat of melting. The two parameters control the timing of fuel melt and the rate of fuel
melting. Because the onset of fuel melt is used to terminate clad oxidation, these two parameters significantly affect
the in-vessel hydrogen generation, and therefore, must be selected carefully. Using a high eutectic temperature, for
example, would delay the onset of core melt, prolong the clad oxidation, and generate more hydrogen. The values
recommended by MAAP for the two parameters are:

Best Recommended Range
Estimate Minimum Maximum

Eutectic Melting Temperature, K 2500 2100 2800

Latent Heat, KJ/Kg 250- 100 400

The MELCOR code does not consider any reactions of chemical dissolution and, hence, no cutectic solutions are
modeled. Because MELCOR models fuel rods, control rods, and structural materials independently, and treats the
cidding and fuel pellets separately, the code allows each material component to melt independently, based on the
melting temperature of each material component. The latent heat is used to control the melting rate. The values
recommended by MELCOR are given below:

Meltine Temnerature. K Latent Heat. KJ/Kc

UO 3113 273

Zr 2098 225

ZrO 2990 707
2

Stainless Steel 1770 268

Stainless Steci Oxide 1870 598

The above material properties can also be user-specified. Comparisons between the two codes show that the best
estimated latent heat of the cutectic solution recommended by MAAP corresponds to the average value of UO and
Zr used in MELCOR. The minimum value recommended by MAAP is outside of the range of the individual
materials used in MELCOR. The best estimate for the cutectic melting temperature recommended by MAAP is the
average of the melting temperatures of Zr, ZrO , and UO: used in MELCOR. The minimum and maximum values2

of the eutectic temperature recommended by MAAP also are within the range used in MELCOR.

10 Core Relocation

As part of a review of experiments on core melt progression, Wright [11] summarized the relocation behavior -
observed during the early and late phase melt progression. Three separate and distinct material relocation processes '

were found to occur during melt progression lavolving metallic melts, ceramic melts, and solid ceramic debris. Thesc
processes also occur at different local temperatures and times during accident sequences. Melt relocation was found
to occur by noncoherent, noncoplanar rivulet flow.

In MAAP, the core relocation is treated by a very simple model. The molten material from a melting node runs
downward until it reaches a node which is frozen or already completely full. The internal energies of the molten
material and the still-frczen material are mixed which usually refreezes the molten material. There is no control of
melt flow pattern and no computation of the refreezing rate. Since the materials contain decay heat, remelting and
refreezing can occur repetitively as water boil.off and core meltdown proceed. Remelting and refreezing are based
on an instantaneous energy balance calculation.

In MELCOR, the relocation model considers the downward flow of molten core materials and the subsequent
refreezing of these materials as they transfer latent heat to cooler structures below. The model is semi-mechanistic,
based on fundamental thermal and hydraulic principles, but incorporating user specified refreezing heat transfer
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coefficients. By appropriate adjustment of these refreezing coefficients, the MELCOR modelis adaptable to either
film or rivulet flow. Because the code models the melting of each material independently whenever the melting
temperature is reached, the relocation of each material also is treated independently. The code has six user specified
candling heat transfer coefficients for UO , Zr, ZrO , stainless steel, stainless steel oxide, and control poison material.2 2

Molten mass is relocated downward in stepwise fashion untilit has all refrozen on components in one or more lower
cells as illustrated in Figure A.4. The material refrozen on a component becomes an integral part of that component.
Molten material originating in one type of component refreezes in the same component type in the lower cells unless
that component does not exist in those cells. If the originating component does not exist in a cell, the molten
matedal refreezes on an alternate component referred to as particulate debris. If neither the originating component
not an alternate refreezing component is found in a cell, the molten material falls through to the next lower cell.
The refreezing logic is summarized below:

Originating Component Type CL OS PD

Primary Refreezing Component CL OS PD

Alternate Refreezing Component PD PD CL
(Fallthrough)

Note: CL = Cladding
OS = Other Structural Materials
PD = Particulate Debris

Formation of particulate debris is another feature of the MELCOR code. The model assumes that particulate debris
is formed whenever the unoxidized metal thickness of an intact component reaches a user-defined minimum value.

-

This assumption implies that the oxide layer on a component provides no structural strength to the component and
the component is supported by the metallic layer. The default values of minimum thickness of unoxidized Zircaloy in
cladding and the minimum thickness of unoxidized steel in 'other structure' are both 0.1 mm. Whenever cladding in
a cell fails, both fuel and cladding component masses in the cell are converted to particulate debris masses. The
MAAP code does not have an equivalent model for the particulate debris bed; hence, no' comparison with the

MELCOR can be made.

MELCOR also has a model to hold up molten material by an oxide shell until it is breached. The model is
controlled by two parameters: a critical oxide thickness and a critical temperature. The default values for these
parameters are currently set so that the holdup model is effectively turned off. No hold up model is provided in the
MAAP code.

11 Molten Pool Heat Transfer

MAAP models the axial and radial heat transfer from a molten pool in a core channel to the adjacent frozen nodes.
The axial heat transfer between the molten pool and frozen materials above and below the pool is determined by the

'

OCONHT subroutine. The basic assumptions are:

(1) The molten pool is fully mixed and can be represented by a single temperature.

(2) The heat transfer to the frozen materials above and below the pool is based on a constant heat transfer
coefficient defined by the model parameter HTCMCR.

(3) The crusts above and below the pool have identical thickness and temperature. The temperature is equal to
the eutectic melting temperature of the core material.

I
i

I
1
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'

These assumptions represent a simplified approach to modeling heat transfer mechanisms vithin a molten pool.
. Because the molten pool contains decay power, an internal temperature gradient in the pool is expected. The
assumption of a single temperature in the pool implies that the heat transfer is not conduction limited; it is controlled
by convection at the interface. The default value of the model parameter HTCMCR is 1000 J/m' K-s, and the
recommended ranges are 500 to 5000 J/m K-s. No justification is given that the pool heat transfer will not become2

conduction limited even when the maximum value of HTCMCR is used. The model also implies that the crust
thickness does not present any thermal resistance to the overall heat transfer. The assumption of identical crust '

thickness and temperature above and below the pool ignores the possibility that some portion of the crust may be in
contact with coolant, and could be thicker and have a lower temperature.

In an actual accident, the formation of the crust during core meltdown is expected to be a dynamic process. The
thickness of the crust depends on a transient energy balance between the decay power in the molten pool and heat
loss through the thickness of the crust to the adjacent medium. The thickness grows if heat loss is greater than the
decay power. The growth of the crust layer would cause an increase of thermal resistance and retard the heat loss,
which, in turn, would stop the crust growth and could eventually lead to the decay of crust thickness. On the other
hand, a reduced crust thickness implies a reduced thermal resistance and would increase the heat loss, which, in turn,
would lead to growth of the crust. This self-sustained oscillatory behavior of crust growth and decay has been
reported in the literature [15). However, MAAP's model does not reflect this physical process.

Radial heat transfer between a molten node and an unmolten node is computed by a simple model to replace the
radial radiation model developed for a pair of unmolten nodes. The model uses a non-mechanistic treatment to limit
the radial heat transfer.

MELCOR does not have an equivalent molten pool model

12 Core Support Plate Interaction and Core Collapse

in the MAAP code, the corium/ support plate interaction is modeled by assuming that the support plate is melted at
the time the corium leaves the original core boundary. The mass melted is specified by the user, and the rate of steel
melting is estimated by the energy convected from the corium. The melted steel is added to the corium pool of the
lower plenum. Note that in the core region, the corium is assumed not to contain of any steel. Only in the lower
plenum is steelincluded in the corium composition. ;

MAAP also models core collapse after reflood if the core has experienced extensive oxidation. The collapsing ,

|
criterion is based on a fraction of clad oxidized (model parameter FEMBRT) specified by the user The best
estimate, and the recommended minimum and maximum values are 10%,0%, and 100%, respectively. Once the
channel collapses, the mass in the channel above moves downward to the lower portion of the channel. After reactor |

vessel breach, and when the core mass is down to a fraction of the original mass (model parameter FCRDR)
specified by the user, the remainder of the core is dumped to the lower plenum in one time-step, and then dumped ,

'

into the reactor cavity. The best estimate, and the recommended minimum and maximum values are 10%,0%, and
100%, respectively. |

MELCOR uses a different approach to model the interaction with support plate and core collapse. This approach is |

based on user specified logic processes instead of rate processes. As discussed in Section 10, MELCOR models the'
melting and relocation of each material component independently. The relocated molten material must freeze on a
primary or alternate material component in the nen cell. If no primary and alternate material components are |

found, the debris will fall through and eventually reach the support plate located in the lower plenum of the reactor. |

The support of material components at any axial segment is controlled by a (ISUP) specified by the user. This flag |

determines whether material components in an axial segment are supported by components in the cell below or by
lateral support. The parameter ISUP has two digits, and the logie is described as follows:
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First Digit

1 Core plate ('other material component *) will support particulate debris until the component reaches the=

failure temperature. (The default value of the failure temperature is 1273.15K).

- 0 The particulate debris will not be support:d by the 'other structure' at this level.

Second Digit

Intact components in the axial segment will remain in that cell until they melt or form particulate debris.=1

=0 An intact component in the cell below must be present to support components in the current cell,
otherwise these components will be relocated downward.

It is c! car that the treatment presented in both the MAAP and MELCOR codes strongly depends on parameters
specified by the user. Because the change of core geometry is controlled by these parameters, the selection of the
parameter values will affect the timing and mode of core melt progression.

13 Lower Head Failure

The mode and timing of lower head failure during a severe accident has an important effect on subsequent
phenomena that strongly influence containment performance, such as direct containment heating (DCH) and
corium/ concrete interactions. The complex corium/ lower head interaction depends on the design of the lower
reactor vessel region. In a PWR vessel, the lower internal structures consist of grid plates which support the fuel
assemblies, and flow distributors which regulate the core inlet flow. Both the grid plates and flow distributors have
holes 4 cm to 20 cm in diameter. The relocation rate could be limited if corium originating within the fuel
assemblies passes through these holes before entering the lower head. In addition, many PWRs have bottom-entry
instrument penetration nozzles; however, some PWRs do not have any penetrations through the lower head. The
impact of these differences in the design of the lower vessel head on corium/ lower head interactions will be discussed
based on the available literature. With this background, the MAAP code will be assessed and comparisons with
MELCOR will be made.

TMI-2 data suggested that core debris relocation into the lower vessel is unlikely to involve a coherent melt consisting ,

of a large fraction of the core inventory [14]. Instead, a rate limited relocation of the debris is more likely, starting
with a local breach of a crust formed in the core region. In addition, the structures containing flow paths of varying
sizes willintercept and redirect the streams or rivulets formed by the melting.

As the molten fuel falls through the water pool in the lower plenum, it may breakup due to hydrodynamic instability
as shown by experiments and analysis performed at Argonne National Laboratory [16]. The breakup length depends -
on the initial jet and ambient water conditions. The breakup of the jet into droplets enhances heat transfer which
may lead to solidification of the debris; this solidification would, in turn, produce a particulate bed rather than a
molten pool on the bottom of the vesset Particles formed by this process are expected to have a relatively larger
size, and the resulting debris bed is likely to be coolable if sufficient water is present. However, if the interaction
involves a steam explosion, then the particles would be relatively small, and the resulting debris bed may not be'
coolable.

Based on the connguration of corium in the lower plenum, several potential modes of lower head failure for the
reactor vessel have been identified for light water reactors. Each failure mode is briefly discussed below:
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(1) Jet Impingement

Ablation due to jet impingement is a potential cause of early vessel failure. The erosion of steel structures by |

a high temperature jet is characterized by a rapid ablation rate at the stagnation point of impingement. The |
ablation rate would be considerably reduced by the formation of a crust layer of urania. Due to the presence
of a large number of penetrations in some reactor designs and the potential for jet breakup in the water pool, .
it is unlikely that a molten jet will directly attack the lower vessel head. However, penetration tubes may fail if
they are hit by the jet.

(2) Plugging and Failure of Lower Head Penetrations

With a large number of penetrations in the lower head of some PWRs, it is likely that the core debris will first
attack the penetration tubes. Failure of the tubes could allow molten material to flow down the tubes and
refreeze to form a crust along the tube wall. If the temperature of the core debris is high enough, melting or
creep rupture of the tube walls may occur. Data from the TMI 2 vessel show that wall failure occurred in
several instrument penetration tubes and that many tubes were plugging by debris. In fact, some of the tubes
were plugged in sections well outside the reactor vessel.

(3) Ejection of a Lower Head Penetration

Core melt attack on a penetration tube and the sustained heating from accumulateo debris may cause tube
praetration weld failure. Weld failure under high system pressure may result in tube ejection.

(4) Global Creep Rupture

In a PWR with no penetration tubes attached to the lower head, a direct contact between the core d;bris and -
the lower head wall will cause a substantial heating of the lower head. The heating, in conjunction with the
stress induced by elevated system pressure and/or the weight of the core debris, may lead to lower head failure
by a global creep rupture. Depending on the debris configuration and coolability, the average rise in the
temperature of the vessel wall is likely to be relatively slow. The time-to-vessel failure is related to the system
pressure, thickness of the vessel wall, the sensible and decay heats of the core debris, and the contact between '
the core debris and vessel wall. A depressurized reactor vessel should reduce the potential for creep rupture.
induced vessel failure. ,

Given the above background, MAAP uses a very simplified approach for modeling corium/ lower head interactions.
MAAP does not consider rate limited relocation of corium in the form of streams or rivulets into the lower plenum.
MAAP considers the collapse of the support steel plate, together with the core debris accumulated above it, into the
lower plenum. The remaining core mass is then dumped to the lower plenum in one time-step based on a parameter
specified by the user as described in Section 12. For PWRs with in-core instrument tube penetrations, the failure of .
penetrations is usually assumed. The input parameter file specifies the number, time delay, and initial radius of failed
penetrations. For PWRs without penetration tubes, the user specifies an effective time delay and initial radius of the
breach area. The best estimate time delay suggested by MAAP is 60 seconds. The minimum and maximum values
of the recommended ranges are 30 and 1000 seconds, respectively. The use of time delay to control the lower head
failure is non-mechanistic and arbitrary. The time of lower head failure should depend on the state of corium in'the
lower head, the contact between corium and penetrations (or lower head wall), and the state of the primary system.
These are accident sequence dependent and can not be generalized by a time-delay parameter.

MELCOR uses a more complex (but stid parametric) treatment of the corium/ lower head interaction than MAAP.
MELCOR does not consider a massive core slump;it models the relocation of each material component into the
lower plenum independently, according to the * logic process" described in Section 12. All components are allowed to
freeze on 'other structures * (primary refreezing component) or ' particulate debris" (alternate refreezing component).
The refreezing heat transfer coefficient specified by the user could simulate the rate-limited relocation. In the lower
plenum, heat transfer between debris and lower head (qu), between debris and penetration (qq), and between

|
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penetration and lower head (qp) are
7 ^

computed through simple ;nergy balance -

equations. Figure A.5 illustrates heat flows /'
in the lower head. The energy balance is
performed for the bottom axial node of DEBRIS
penetrations and top node of the lower _ ._ _

,

head. The heat transfer coefficients, a

Msurface areas, and masses are parameters
'

i

specified by the user for the energy balance U N'* ,
'dcalculations, in addition, MELCOR also /9d*

considers convection heat transfer from the /
>penetrations, debris and lower head to the

fluids in the lower head. The outer v ? -
. . y

boundary of the lower head is treated as
adiabatic, but the internal beat conductior. _____________I_',___

_

through the lower head wall is included.
------_____________

In MELCOR, failure of the lower head is
assumed to occur whenever the A

temperature of the penetration or ~~~~~~~ {I~~~~~~~~~~
innermost lower head node reaches a _ _ _ _ _ _, , ,, _ _ ,,_ _ _ _ _ _ _ ,

failure temperature specified by the user.
The default value of the failure
temperature is 1273 K. The user may also
specify a logical control function to trigger LOWER HEAD
lower head failure. For example, such a
control function might refer to a table of

~

differential failure pressures as a function Figure A.5 MELCOR Lower llead IIcat Balance
of lower head temperature to simulate the
effect of pressure loading on lower head
strength at high temperatures.

In summary, the complex corium/ lower head interaction is not fully represented in either the MAAP or MELCOR
code. Among the four potential failure modes, jet impingement and penetration ejection are not considered at all:n
either code. Only penetration failure and global rupture are represented by simple parametric models in the two
codes. The lack of any heat transfer calculation between core debris, penetration and lower head wall, and the use of
the time-delay parameter are major drawbacks of the MAAP code. The MELCOR modelis more rigorous than the
MAAP model. MELCOR not only performs heat transfer calculations between the various components in the lower
head region, but also allows the user to implicitly consider the stress effect on global rupture. However, the largest
uncertainty of the MELCOR model is the heat transfer coefficients specified by the user. Estimates of the heat
transfer coefficients should be obtained by analyzing experimental data or mechanistic codes.

14 Corium Discharge

The quantity and rate of corium discharged from the reactor vessel have an important impact on the dissipation of
corium and the ability for corium to cool in the containment. In MAAP, radial ablation of the failed penetrations
and the discharge of corium and water are computed following the vessel failure. The velocity of corium discharge is
determined by the sum of pressure difference across the opening and the static pressure head of water and corium in
the vessel. No discharge coefficient is involved. The basic model for vessel ablation is that radial heat flux from the
flowing molten corium supplies the sensible and latent heat to ablate the failed vessel penetration. The radial heat
flux for vessel ablation is assumed to be proportional to the temperature difference between the melting point of the
corium and the wall (steel). A heat transfer coefficient determined by the Colburn-Reynolds analogy between heat
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and momentum transfer is used to estimate the radial heat transfer. The ablation rate so determined is proportional J

to the discharge velocity. The ablating steel is added to the corium and discharged to the containment. When the |

corium is depleted, water remaining in the reactor vessel is discharged. |
1
1

In MELCOR, logic processes are applied to restrict the debris discharge. After the penetration failure, the code
I

requires that a total molten mass of 5000 Kg or a melt fraction of 10% is necessary before debris ejection can begin.
The mass of each material available for discharge is controlled by a flag IDEJ specified by the user. In the default
option (IDEJ-0), the masses of each material available for ejection are the total debris material masses, regardless
of whether or how much they are melted. In the other option (IDEJ =1), all steel, Zircaloy, and UO melted are2

available for ejection; the ZrO and steel oxide available for ejection are the masses of these snaterials multiplied by2

the melt fraction of the metallic component of each material. Additionally, the mass of solid UO available for
ejection is the Zircaloy melt fraction times the mass of UO that could be relocated with Zircaloy into the lower3

head. For the case of a gross failure of the lower head, all debris in the bottom cell is discharged immediately.

The discharge velocity in MELCOR is computed in a similar manner as in the MAAP code. The discharge velocity
is determined by the pressure difference between the lower plenum and reactor cavity, and by the static pressure
head of debris. The static pressure head of water, which is usually smaller than that of debris, is not included in the
MELCOR code. However, MELCOR includes a discharge coefficient specified by the user to provide options to j

limit the discharge rate. The ablation rate also is computed by a simple energy balance similar to the treatment in
'

the MAAP code. The heat transfer coefficient is given by a empirical correlation, which shows that the heat transfer ,

coefficient is proportional to V'/X*2, where V is the discharge velocity, and X is the penetration diameter or lower |

head thickness. This formulation suggests that the ablation rate will be reduced with the increase of failure size as
the ablation continues.

15 Summary
'

The late in vessel phase of a severe accident involves complex phenomena. Although the complexity can not be
modeled mecha d .ically by system codes such as MAAP and MELCOR, both codes have attempted to use the
parametric approach to represent the major features involved during this late phase of an accident. The major
differences between MAAP and MELCOR are summarized in Table A.4 ,

.

Based on this preliminary review, the parametric treatment in the MAAP code can be improved. The following are j

specific suggestions:

(1) Including control rod and structural materials in the analpis of oxidation, melting, relocation, and blockage l

formation could have a significant effect, particularly, for a partially degraded core accident.
'

(2) Rate-limited relocation would enhance the MAAP model.

(3) Tk potential for particulate debris bed formation in the core and the lower plenum regions could be
important,

!

,

(4) The use of time-delay as the lower head failure criterion could be improved by replacement with an I

appropriate heat balance analysis. |
1

(5) The pressure effect on lower head strength could influence lower head failure.

For the current models used in the MAAP code, sensitivity studies should be performed for IPES, and the selection
of parameters specified by the user must be justified,

i

1
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Table A.4 Comparison of In Vessel Melt Progression

Phenomena MAAP MELCOR

Oxidation
Zr Oxidation Yes Yes

Fe Oxidation No Yes

Core Region: Clad ballooning effect Yes No

2-side oxidation Yes No

Termination criteria Fuel melting or flow blockage, Zr: cut-off temperature
if the blockage option is used (option), Fe: No

Lower Plenum Oxidation Yes Yes

Termination Criteria 1000 K No

Core Melt
Control Rod and Structures No Yes

Fuel Rod Eutectic (UO -ZrO -Zr) UO , ZrO , Zr
2 2 2 2

Core Relocation
Zr, ZrO , UO , steel,'Material Relocated Eutectic 2 2

steel oxide, control
poison material

Refreezing heat transfer coefficient No User-specified

Control of melt flow No By refreezing heat
transfer coefficient

Particulate debris Crudely modeled Yes

Molten pool Yes No

Core Sunnort Plate
Mass of support plate melted User specified Computed

Failure temperature" allure criteria -

Melted mass added to corium Yes Yes

Core Collanse
Criteria User-specified parameter User specified

parameter

j

!
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' Table A.4 Comparison of In-vessel Melt Progression (Continued)

Phenomena MAAP MELCOR
|

Lower Head Failure
Jet impingement No No
Penetration ejection No No
Penetration failure Yes Yes

Lower head rupture Yes Yes

Failure criteria Time-delay Pailure temperature or pressure
q effectg

Heat balance calculation No Yes

Discharge velocity
discharge coefficient No Yes

static pressure head Debris and water Debris
constraints of discharge None 5000 kg or 10% melt fraction

(for penetration failure)

Material discharged Molten debris and water Molten and solid debris
Amount of mass discharged 1. Total mass of debris in 1. Gross failure: total mass

the lower plenum of debris
2. User can specify the 2. Penetration future:

fraction of original core controlled by user-
mass below which the specified logic process
remaining core is

|discharged after vessel
failure-,

Ablation rate Proportional to V Proportional to V"/X''

V= discharge velocity X = failure diameter oflower
head thickness

I
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Part HI Containment Response ,
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16 Prin:ary Containment Nodalization and General Description
|

Four PWR plants were selected as reference plants and modeled with the MAAP/PWR code. The Zion, Oconce,
and Calvert Cliffs plants were selected as representative of large dry containments, and Sequoyah represented ice
condenser containments. The MAAP dry-containment modelis divided into 4 regions upper containment (A.
compartment), lower containment (B-compartment), cavity (C compartment), and the annulus region (D-
compartment). These compartments are connected by flow paths to simulate forced and natural convection flow, and
water drainage.

The lower compartment (B) and cavity (C) are connected by two flow paths; the instrument tunnel and the t'cactor ,

'

vessel / shield wall annulus. Water and corium can be specified to flow through the tunnel only, but not through the
annular passage. However, for plants with a flow area through the instrument tunnel, which is smaller than the area
of the reactor vessel /sh' eld wall annulus (i.e., reactors with no lower head penetrations), MAAP allows the debris
and water to be dispersed directly to the upper compartment (A) whenever the calculated gas velocity exceeds the
entrainment threshold (EVENT flag No. 53). This is done by setting the model parameter No.13 FCMDA to be 1.

The MAAP model of the ice condenser plant has two compartments in addition to the 4 compartments in the dry
containment model. The additional compartments are the ice condenser (1 compartment), and the upper plenum (U-
compartment), located between the lower and upper compartments. Steam, hydrogen, and other gases can be
specified for the connecting flow paths. The ice condenser compartment also provides water drainage to the lower
compartment.

The flow paths defined in MAAP can be connected to form natural circulation loops. For dry containments, MAAP
allows one loop between the lower and cavity compartments (loop BC) and another loop between the upper, lower,
and annulus compartments (loop ABD). For ice condenser containments, a loop between the upper, lower, ice
condenser, and upper plenum (loop ABIU) is added. The flow rate is determined using an equal-pressure approach,
i.e., flow circulation results in pressure equilibrium among the various regions in the containment. Assessment of the
pre-defined circulation loop could be made by comparing it with specifically developed containment codes, such as

'

CONTAIN, which uses the implicit method to compute fluid flow without a pre-defined circulation loop.

Although the major regions of a PWR containment are represented by tne MAAP code model, the fixed nodalization
and pre-specified flow paths and l'ow materials do not permit a user to perform a sensitivity study on the effect of
nodalization. In many cases, such as natural convection, the flow rate is sensitive to the local fluid density and a finer
nodalization would improve the code's prediction. Hydrogen mixing is u example. Computer code simulation of the
HDR experiments [17,18] demonstrated the importance of fine nodalization on predictions of hydrogen distribution in
a large containment. An accurate prediction is essential to assess the potential mode of hydrogen combustion, such
as a localized detonation. The fixed, four compartment nodalization in MAAP may not be sufficient for adequate
evaluation of hydrogen distribution under severe accident conditions.

Phenomena treated in va*ious containment compartments are also fixed in the MAAP code as summarized in Table
A.5:

(1) All the phenomena modeled in MAAP can be specified in the upper compartment (A);

(2) The containment sprays, DCH, and corium-concrete interactions cannot be specified in the annulus
compartment (D);

(3) No metal equipment heat sink is modeled ir. the cavity (C) and annulus compartments (D).
I
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Table A.5 Phenomena Modeled in Pre-Specified Containment Compartment (MAAP)

Compartment' A B C D I U

Containment Failure Location Yes No No Yes No No

Fan Suetion' Yes No No No No No

Sprays Yes Yes No No No No

DCH Yes Yes No No No No

Corium Concrete Interaction Yes Yes Yes No No No

Metal Equipment Heat Sink Yes Yes No No No No

Wall Heat Sink Yes Yes Yes Yes No No

H, and CO Combustion Yes Yes Yes Yes No Yes

Water Flashing and Rainout Yes Yes Yes Yes Yes Yes

Water Overflow Yes Yes Yes Yes Yes Yes

Based on PWR subroutine Index given in Volume 1, Section 14 of Reference [1].

Note 1. A = upper compartment, B = lower compartment, C = cavity, D = annulus,I = ice condenser,
U = upper plenum

2. MAAP 3.0B PWR, Revision 17 allows the user to specify fan cooler suction and discharge
locations.

The phenomena allowed to occur in pre-specified compartments are reasonable in mor,t cases. However, the
exclusion of certain phenomena in some compartments, particularly in the annulus region, limits the flexibility of the
code.

Unlike the MAAP code, there is no specific nodalization and no predefined models built into the MELCOR code.
MELCOR uses the control volume concept to represent the containment system. Each of the compartments
modeled in MAAP for the dry containment can be represented by a control volume in MELCOR. (The present
version of MELCOR does not model the ice condenser plant.) In MELCOR, all phenomena can be imposed on any
control volume by control functions; this flexibility allows many sensitivity studies to be made.

17 Corium Entrainment and Corium/ Water Interaction

After failure of the reactor vessel, several subroutines (EXVIN, ENTRAN, PLH2, and PLSTM) are used to estimate
the behavior of the corium and the production of steam and hydrogen during corium/ water interactions. Each of

- the subroutines describes a different mode of corium interaction, represented by a different corium configuration
- ranging from droplets to a molten pool. At the second familiarization meeting we expressed concern about the basis
for assuming these configurations and the related computational procedure. Each subroutine is discussed in the
following sections.

)

I
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17.1 Subroutine EXVIN

EXVIN computes the amount of steam produced during a steam explosion in the reactor cavity during the initial
interaction between debris and water. The time for initiation of an explosion is determined when a column of corium ;

contacts the cavity floor plus a user specified delay time. The maximum quantity of corium involved in the steam
explosion is assumed to be the mass which would be submerged in the water after the delay. It is assumed that the y

energy transfer to water will quench this debris to water saturation temperature. The amount of steam produced is !
I

calculated from the amount of energy released as the debris is cooled to the saturation temperature of the water. No
. 1succeeding explosions and no structural effects are involved in the calculation. The MAAP model does not calculate

the dynamic force due to the conversion of thermal energy into mechanical energy which could threaten the integrity
of the containment as reported in the studies of steam explosion. Hydrogen generation during a steam explosion is |

not modeled.

17.2 Subroutine ENTRAN )
ENTRAN computes the flow rate of corium and water from the reactor cavity to the containment compartment due
to the entrainment or flooding of water and corium in the high speed stream of hydrogen and steam that is in the
reactor vessel. A constant MAAP entrainment time (0.5 seconds) is used to determine the entrainment rate. We -
also expressed concern about the entrainment model at the second familiarization meeting. The questions and

|
answer are given below [20):

Question *
!

Tbc entrainment rate of corium and water from the reactor cavity to the containment lower compartment is
controlled by the 'entrainment time.' A constant entrainment time (0.5 s) is used in the code. Should the
entrainment time depend on the geometry and pressure in the cavity? Is the :ntrainment model also used for
the DCH calculations?

Answer:

While the true entrainment time does vary with geometry and pressure, a constart value is used to formulate a
rate because the value of the rate is not influential on the transferred mass. This parameter should be set to a
value lower than the blowdown time of the vessel to guarantee debris dispersal. It iz used to brmulate reaction
rates from the total amount of material available for reaction, and heat transfer rates from energy transfer
needed for equilibration. Thus, the same total change would occur, regardless of the selected time constant. In
principle, the time constant could influence heat transfer or reactions during DCH, but this is not believed to be
important for reasonable entrainment times.

In Reference [19), IDCOR stated that ". . .the transport of core material from the failed RPV to the _ containment
fiocr is dependent on the shape and size of the cavity (and tunnel (s) where applicable) connecting the lower region of
the RPV to the containment region. . .' Based on this position, IDCOR classified PWR reactor cavities into fourteen
types according to geometry to express the degree of debris dispersal during a high-pressure melt ejection accident.
The classification covers a wide variation in expected debris dispersal. For example, a type A configuration (such as
Zion) would allow large dispersal, while a type D configuration (such as Surry) would retain essentially all of the
debris in the cavity. Thus, the mass and rate of corium entrainment should depend on the specific cavity
configuration of each plant. To apply the MAAP entrainment model to IPE, in which a plant-specific cavity
configuration is involved, users should justify their selection of the entrainment parameter.

17.3 Subroutine PLH2

PLH2 computes hydrogen generation after corium/ water contact in the reactor cavity. As described in Reference
[20], PLH2 ". . .uses all the corium available at the time of vessel failure (even though some may remain in the
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vessel) and uses properties for corium in the lower head (even though EXVIN or JET may have been railed). PLH2 ,

is also called once in the lower compartment when debris can be entrained to it from the cavity. It is called after a
small amount of debris is accumulated, but assumes that all debris in the cavity and lower compartment is available
(even though it may not all be entrained) using properties for corium in the cavity (even though DCH may have been
called). . ."

According to this description, the PLH2 computation involves a large uncertainty on the mass and properties of the
corium, which would affect the prediction of hydrogen generation.

17.4 Subroutine PLSTM

PLSTM computes steam production due to the contact of debris with water after the debris relocates into the reactor
cavity or is entrained into the upper and lower compartments. The corium configuration in the PISTM model is
assumed to be a molten pool with a crust layer at the corium/ water interface. A major assumption is that the debris
crust in contact with the water will crack and allow water ingress which results in the rapid removal of heat from the
debris. However, the subroutine imposes several limitations on the heat aux from the debris to the water pool,
namely, the rate of addition of water, the quenching rate of tne corium, hydrodynamic stability, film boiling, and
critical heat flux. Three user specified parameters, i.e., Model parameters No. 8 (HTFB, film boiling heat transfer
coefficient), No. 21 (FDROP, droplet critical flow parameter), and No. 33 (FCHF, Kutateladze critical superficial gas
velocity) control the corium/ water interaction. f'

Since debris quenching, steam generation, and containment pressurization are very sensitive to these parameters, the
selection of the input values must be carefully made, and in the form of a senetivity study.

17.5 Summary

As the above description shows, steam and hydrogen generation are computed by several subroutines independently.
The quantity of corium involved in the corium/ water interaction is controlled by the entrainment model. Each
subroutine has its own assumptions related to the configuration, mass, and properties of the corium. The lack of
interaction among these subroutines may cause inconsistencies in modeling the physical process occurring during
corium/ water interaction, which could affect the corium-concrete interaction, combustion, and containment
pressurization.

In MELCOR, debris relocation outside the vessel, heat transfer, and oxidation due to corium/ water interactions are
modeled in the Fuel Dispersal Interaction (FDI) package. Eventually, three types of phenomena will be treated in
this package: (1) the ejection oflow-pressure molten fuel from the reactor vessel, (2) the ejection of high-pressure
molten fuel from the reactor vessel (direct heating), and (3) steam explosion following a low-pressure ejection
sequence. Currently, the FDI package can only treat a low-pressure ejection (the mixing phase before a steam
explosion). Models for steam explosions and direct heating are not available presently in the MELCOR code.

During Imv pressure ejesion, heat is transferred to the water pool from the molten fuel (if present in the associated -
control volume) as it fragments and falls to the cavity floor. Heat transfer normally occurs by radiation, but a
convective lower bound is also included. If a water pool is in the control volume, all of the energy transfer from the
molten fuel is used to boil water (there is no pool heatup, only boiling). If there is not a water pool in the control
volume, material passes through FDI without any removal of energy.

The model described in the MELCOR/FDI package would provide a consistent treatment of corium conGguration,
and the initial and end states of corium for various corium and water interactions.

i
,

1
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18 Corium-Concrete Interaction

Corium-concrete interactions are modeled in two different subroutines in the MAAP/PWR code, namely JET and
DECOMP. Subroutine JET treats the decomposition of concrete directly under the reactor vessel when it is anacked
by a corium jet discharged from the reactor vessel. Subroutine DECOMP provides a general treatment of the
decomposition of concrete by a molten or solid corium pool. DECOMP is the main subroutine used to model
corium-concrete interactions, which could take place in the upper, lower, and the cavity compartments. The
MELCOR code does not have a model for concrete decomposition by direct jet impingement. However, MELCOR
incorporates the CORCON-MOD 2 model [21), which is equivalent to DECOMP in MAAP. Although DECOMP
and CORCON both model the major phenomena related to corium concrete interactions, there are significant
differences in the assumptions and approximations used.

18.1 JET

JET computes the transient ablation rate of the concrete Door in the cavity compartment caused by direct contact
with a jet of molten corium. The velocity of the corium stream impinging on the concrete surface is first determined.
Then, a stagnation point heat transfer correlation is used to compute the rate of heat transfer from the corium jet to
the concrete, which, in turn, determines the rates of concrete ablation and gas evolution.

Since both JET and DECOMP are used to model concrete decomposition, we expressed concern as to how
computational procedures are used in the MAAP code for these two subroutines. In response to our questions, FAI
provided the following description [20):

JET is called starting at vessel failure and until all the corium present in the vessel at failure
has relocated to the containment, a duration of several seconds for high pressure failure to
tens of seconds for low pressure failure. JET uses the instantaneous flowrate out the failure
and corium properties in the lower head. It assumes the debris exits as a stream and
contacts the floor in this manner, whether or not water is present in the cavity, maximizing
jet crosion.

DECOMP is called after corium contact with the floor and it assumes a pool of debris exists
for heat transfer to concrete and to either overlying coolant or the surroundings. Thus,
DECOMP could be called while JET is still being called and before entrainment occurs. A
minimum debris mass must be present for DECOMP to be called, so after entrainment
DECOMP may not be called until more melting in-vessel occurs.

The above description shows that JET and DECOMP are treated independently and simultaneously. This
treatment is an attempt to maximize concrete erosion, but it could result in the same small area of concrete
(that area in contact with the JET) being eroded in both subroutines.

We also raised questions about the presence of water in the cavity when subroutine JET is used.

Question:

Is the JET subroutine limited to the dry cavity situation? No water /corium interaction and jet break-up
ar modeled in this subroutine.

Answer:

JET is called during the initial corium release after vessel failure whether or not water is present. Jet
erosion has no discernable impact on overall code results.
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Depending on the ratio of jet length / diameter (i.e., the cavity depth and the size of the ablation hole in the
vessel lower head), hydrodynamic instability could cause the jet to break up and prevent it from reaching the
concrete floor. Thus, the JET model could be invalid for a flooded cavity configuration. Since the JET
model does not play a significant role in the overall results of the code, we suggest that the subroutine be

omitted (or modified) to avoid the inconsistencies discussed in this section.

18.2 DECOMP

MAAP assumes that corium-concrete interactions can occur simultane.ously in more than one containment
region. Hence, MAAP allows the DECOMP subroutine be called by the upper, lower, and cavity .

compartments, la MELCOR, corium. concrete interactions are modeled in the Cavity Package (CAV), which
allows an arbitrary number of cavities to be defined (100 are permitted by the input records format). At
present, all MELCOR analyses use a single cavity to model corium. concrete interaction. Thus, the ability of
MELCOR to model corium-concrete interactions in a multiple-cavity configuration has not been tested.

18.2.1 Molten Pool Heat Transfer

DECOMP assumes that the molten corium poolis homogeneously mixed. The concrete slag caused by the
melting of concrete is nssumed to enter the debris pool immediately and mix with the core debris.- The
homogeneously mixed model implies that the debris has a single temperature, that there is uniform pool heat
convection in all directions, and an equal thickness of the bottom and side crusts. (The top crust is treated
separately.) The model also results in the same temperature profiles and erosion rates of concrete in both -
sideward and downward directions.

In the CORCON model used in MELCOR, a stratification model is assumed for the molten debris pool. It
is assumed that the oxidic species and metallic species in the melt are mutually immiscible. Buoyancy forces
are sufficient to separate the molten debris into two phases, even when there is vigorous mixing by gases
from the decomposition of concrete. In addition to the two layers (metal / oxide), CORCON provides
another oxidic layer on the top of debris melt. This less-dense oxidic layer is composed of ablation concrete
oxides and steel oxides produced by chemical reactions with the concrete-decomposition gases. However, the
three layer configu ation (oxide / metal / oxide) is not predicted to last for a long time. The bottom fuel oxide
layer diluted by concrete oxides becomes less dense than the metal layer. At this point, it is assumed that
the bottom oxide layer moves above the metal layer and forms a single oxide layer. The CORCON model
predicts different temperatures in each of the layers in the molten pool, non-uniform heat transfer, and non-
uniform crust thickness in the sideward and downward directions. Consequently,in CORCON the concrete
decomposition and gas release rates are different in the downward direction than in the sideward direction. -

The different assumptions used in the two codes gave rise to the following question (and answer) W):

Question:

In the DECOMP subroutine, two assumptions are used to compute the crosion rate of the concrete
cavity in the downward and radial directions. The two assumptions are (1) no stratification in the
molten pool, and (2) a uniform rate of heat transfer. Please explain the rationale behind these
assumptions. ,

Answer:

No stratification is assumed in DECOMP because:

1) When Zr is present, it is soluble in the oxides,
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[L 2) It is unclear whether layers would exist for gas velocities of interest when Zr is oxidizing.

3) Heat transfer between such layers, would be highly effective and would not significantly alter the
split between heat transfer to concrete versus the surroundings.

4) Chemical equilibrium should occur anyway. Briefly, we do not believe that stratification would have
a significant impact on bottom line results such as total concrete crosion and combustible gas
generation.

Uniform sideward and downward heat transfer is assumed because heat transfer coefficients in either
direction are nearly equal. The tough part of this problem is quantification of other heat transfer
resistances: slag, crust, and gas. It is difficult to relate the unequal erosion observed in, for example, '

the BETA tests to a reactor case because 1) the height / diameter ratio is quite different,2) the decay
,

power will be in the oxide and not the metal, and stratification may not occur. Thus, this simplificatien
is employed. Ultimately, this assumption should lead to a conservative answer for structural degradation
by sideward erosion since the model apparently overpredicts sideward crosion.

Besides the BETA tests, Sandia (the developer of the CORCON code) cited other experimental evidence
[22) to support the multiple layer approach. The difference in heat transfer in the sideward and downward
directions, as claimed by Sandia,is caused by the gas flow between the melt and the concrete. In the
downward direction (i.e., on the concrete floor), gas is generated at the boundary and enters the melt, while
on the side surfaces, gas forms a flowing film along the melt boundary.

In both DECOMP and CORCON, a quasi-steady modelis used for heat transfer calculations. In DECOMP,
the convective heat loss from the molten debris to its peripheral crust is determined by a heat transfer
coefficient specified by the user, i.e., model parameter No.12 HTCMCR. The best estimate, recommended
minimum and maximum values are 1000,500, and 5000 W/m'8 K, respectively. This heat transfer is equal in -
downward, upward, and sideward directions. In CORCON, the multi-layer model permits the code to
compute separate temperatures for each layer. The heat transfer to the upper, bottom, and side surfaces are
computed by different correlations. The presence of bubble agitation is included in the heat transfer
correlations. The model parameters used in MAAP allow the heat transfer coefficient to be varied, so as to
observe sensitivity to debris temperature. We note that the release of fission products is strongly affected by
the temperature of the debris.

18.2.2 Effect of Water Layer

Both MAAP and MELCOR allow for a water layer on top of the debris pool in the DECOMP and
CORCON subroutines. This water layer is assumed not to interact energetically with the molten materials,
but rather, serve as an additional heat sink. The presence of a water pool is predicted to cool the top of the
melt below the solidification temperature, forming a thin solid crust on the surface.

In DECOMP, the corium/ water interaction is determined in subroutine Pl.STM (Section 17 of this report).
The model assumes that the debris crust in contact with water will crack and allow the ingress of water. *ne
corium/ water interaction could quench the debris. In CORCON, the possibility of crust cracking and water
ingress are not modeled; the overlying water poolis modeled only as a heat sink. The heat transfer modelin
CORCON includes the full boiling curve based .on standard pool-boiling correlations. No correction is made
for the effects of gas injection at the melt / water interface. Also, the water pool does not have a significant
influence on the temperature of the core debris. In a recent report, Powers et. al. [2i] stated that ". . .the
data base now availab!c on these simultaneous (corium/ concrete / water) interactions does not support the
belief that water will quench core debris. . .'.

I
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R 4( . 18.2.3 Corium-Concrete Contact and Heat Conduction in Concrete
f .

.

doe large difference between the DECOMP and CORCON models is the treatment of heat transfer at the -f
~ '

corium-concrete interface and within the solid concrete. When core debris attacks tbc concrete, solidification
F

of the melt and melting of the concrete occur at the interface. A thin thermallayer penetrates the solid'

>

1 concrete, within which complex decomposition reactions take place.
!

In DECOMP, a direct contact between the core debris and concrete is assumed. The interface temperature
~

of the debris crust and the concrete is equal to the temperature of the concrete surface, which is the ablation
g

temperature for concrete. (DECOMP a::sumes that concrete melting begins instantaneously upon contact:
'

with molten debris.) A one-dimensional heat conduction calculation is performed by subroutine HTWALL -
for temperature profiles in the solid concrete. Becese the heat flux and temperature profiles are the same .

1

.

both downwards and sidewards, the erosion rate also a she same in these directions.
.

CORCON assumes that a stable gas film forms upon initial contact between the mohen core debris and - a
concrete. The concrete is separated from the debris by a gas film. The gas film model was modified in ;

|CORCON MOD 2, which is the version used in the current version of MELCOR. ' It is believed that under
most conditions, gas release is usually far less than that required to form a stable gas film, and instead, . -!
intermittent debris / concrete contact occurs. ' Therefore, an interface temperature model was implemented in -;

the CORCON MOD 2 code to describe heat transfer at the laterface between the core debris and the .'
'

concrete. Tbc interface temperature predicted by CORCON is closer to the debris temperature than to the
,

concrete surface temperature due to the higher thermal conductivity of the core debris. - g
g

The CORCON interface model also included the melting of the concrete and solidification of the core melt.
The concrete slag is removed from the interface into the core melt by rising' bubbles. The gas fdm model? ,

has been retained in the code but is only invoked when the gas velocity is sufficiently high. _ l
L .

1

CORCON does not consider heat conduction into the concrete'nor decomposition in' advance of the. ablation a

front. Only one-dimensional steady-state ablation is computed,
v:

18.2.4 Solid Pool Treatment w

Both DECOMP and CORCON allow the formation of a solidified pool when the crust thidam fills the
entire pool In DECOMP, the treatment of heat transfer in a solidified pool is'similar to that in a molten -

'

pool. The same heat corduction is calculated for the side walls and the lower bottom wall, resuking in equal : 1
erosion of these walls,

The equal concrete crosion model in DECOMP is not applicable to a solidified debris pool. Because of the - U
.

1y
rigid surfaces of the debris, the molten concrete and released gases are likely to form a fdm between the . '

'

' debris and the uneroded cavity sidewalls. :This film represents an additional thermal raim and would .

!

<

"
reduce the rate of the erosion of the sidewall. Furthermore, the newly eroded concrete will not be abic to.
mix with the rest of the debris and will probably be pushed to the top of the debris where it 'will form a
growing crust. Since the concrete slag crust has no internal heating, it provides an effective 'Wiag barrier j
to upward heat transfer. The insulation effect will influence the laternal heat transfer in the solid debris j,

pool. These phenomena are omitted in the DECOMP model.; CORCON predicts a top oxide layer, which
is a mixture of core and concrete oxides and is, thus, laternally heated. This treatment, developed.for a : .I

f]molten pool, is not valid for a solidified pool.
' '

!

Another important feature related to solidified debris is mixing and stratification during the transition -|
between molten and solidified debris. DECOMP assumes there is gross mixing while CORCON assumes- j
stratification. For a conduction limited solid debris, the most important property that affects the heat ' l
transfer process is thermal conductivity. Since thermal conductivity for the metallic and oxidic phases differ j

i

t
.
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by at least an order of magnitude, the difference plays an important role in debris heat transfer. In the
CORCON stratification model, the metallic layer has higher thermal conductivity but a lower decay power
source. Hence, the metallic layer may solidify while the oxidic layer remaina molten. The potential for a

. partially solidified layer and a molten layer can not be modeled by DECOMP.

18.2.5 Chemical Reactions

In DECOMP, the various oxidation processes are computed by the chemical equilibrium model in the
METOXA subroutine. The model allows all reactions to proceed in parallel. Potential oxidation of
chromiun:, a constitute of stainless steel,is omitted because at present, MAAP's mass balance equations do
not include chromium.

i. In MELCOR, the chemical reactions are calculated with the latest version of the chemical equilibrium
routine developed for CORCON. An entropy of mixing term is included in the chemical potential of each
condensed-phase species, whose principal effect is to climinate the strict sequential oxidation of metallic
species. Chromium oxidation is included in MELCOR.

19 Combustion

MAAP models three types of combustion: global (complete), local (incomplete), and continuous burns. A
global burn involves the burning of all combustible gases in a compartment. A local burn is initiated by
deliberate ignition systems (i.e., igniters) and may involve only a fraction of the gas volume in a
compartment. The ignition of hydrogen laden jets is modeled as a ' continuous' burn in the MAAP code.
This type of burn refers to those circumstances when a very high temperature jet emerges from a potentially
inerted region into a cooler, non-inerted region where it induces a burn. For example, a hot mixture of
hydrogen-steam could enter the containment auxiliary building during an interfacing system LOCA (ISL) and
cause a hydrogen burn in the auxiliary building. Another example is a hot hydrogen steam jet from the
reactor cavity region that enters into the containment lower region.

The combustion mode modeled in the MELCOR code is denoted as a discrete burn, in which combustible
gases are uniformly burnt in a compartment only after prescribed ignition or propagation criteria are met.

19.1 Flammability Limits

In the MAAP 3.0B code, the flammability limits are determined by the construction of a combustion
diagram. The domain of the diagram consists of both lean and rich flammability limits (LFL and RFL). A
power law expression is developed for the flammability limit curve that is further modified for elevated -
temperatures. Limited experimental results have shown that high temperatures tend to cause the LFL to
decrease and the RFL to increase. The flammability limit curves at various temperatures are used in tl.c
MAAP code for upward and downward flame propagations. The limits'of upward flame propagation are
used for the local (incomplete) burn mode, and the limits of downward flame propagation are for the global
(complete) burn mode. At elevated temperatures, a very small fraction of hydrogen is required to induce a
flame propagation. This situation leads to the autoignition modelin the MAAP code which assumes that
ignition occurs if the temperature of the mixture is above a critical autoignition temperature (Model
parameter No. 71), and the inertant fraction is less than a specified value (Model parameter No. 72). The
nominal autoignition temperature is 983K and maximum inerting fraction is 0.75 in the MAAP code.

The MAAP code also applies an ignition criterion when active igniters are present. The ignition criterion,
specified as a mole fraction of hydrogen above (or below) the temperature and steam-concentration-
dependent limits, is an offset to the downward flammability limits. The user-specified ignition criterion is
Model parameter No. 73, and the recommended value is zero.
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. The ignition of a hydrogen laden jet is determined by comparing the temperature of the gas stream with the
,

user specified autoignition temperature TJBRN (Model parameter No. 60). The recommended value for
TJBRN is 1060 K. Jet burning will not occur if the downstream compartment has less oxygen or more steam ,

than would allow a premixed burn. The jet burn criterion is consistent with the flammability limit used in
' MAAP.

The ignition and propagation criteria used in the MELCOR code are based on experimental data determined
in steam saturated air at relatively low temperatures and pressures. The criteria are:

a. oxygen mole fraction 2: 0.05,

b. inertant (steam and CO ) mole fraction s 0.55, and3

combustible gas mole fraction must bec.

A
X 1AX,+3wy

where,

A _.11

0.129Ignition Limits 0.07 -

Propagation Limits
Upward 0.041 0.125

Horizontal 0.% 0.138

Downward 0.09 0.15

These ignition limits are appropriate when modeling accident sequences with igniters operating. Without
igniters, the limits are higher. The MELCOR code increases the ignition limits to A = 0.1 and B = 0.167
when the igniters are not operating. The propagation limits shown above depend on toe spatial relationship
of two compartments (i.e., whether the adjacent compartment is located above, below or on the same level as
the burning compartment). The concentration limits specified for propagation apply to the adjacent -
compartments, not the compartment in which the burn originates. Tbc low concentration limit in the upward
direction implies that the upward propagation of the flame is much easier due to buoyancy. The criterion for -
downward propagation implies that the compartment could spontaneously ignite before downward
propagation would occur.

In comparison, the ignition model in MELCOR is relatively simple; its flammability limits are independent of .
temperature and inertant fraction if the inertant fraction is less than 55% The MAAP model requires the
flammability limits to be determined by the flammability diagrams, which depend on both temperature and
the inettant fraction. Since both models are empirical 2nd there are few experiments at elevated
temperatures, the validity of the MAAP model and the applicability of the MELCOR model at elevated
temperatures must be determined.

We note that neither MELCOR nor MAAP model a hydrogen detonation. However, in the MELCOR code,
I

a warning message is given in a computer printout, that a detonation is predicted in a containment
compartment,if the following conditions are satisfied.
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Molar fraction of H > 0.142

Molar fraction of 0 > 0.092

Molar fraction of steam < 030

The consequence of a hydrogen detonation is not modeled in the code.

19.2 Burn Time and Combustion Completeness

The burn time and combustion completeness are key parameters that determine the quantity of hydrogen
reacted and the combustion rate, which, in turn, determine the rate of energy release and containment
pressurization. In MAAP, the burn time and combustion completeness are obtained by solving the mass and
momentum equations for a fireball. MAAP assumes that the spherical fireball expands at the speed of a
laminar flame when buoyancy effects are small. When the fireball is large, its growth is modeled as a plume
entraining unburned gases at a rate proportional to its upward velocity. The upward velocity is determined
by considering the acceleration of the fireball due to buoyancy and drag forces. The analytical model
involves several parameters, such as entrainment coefficient, speed of the laminar flame, the fireball's surface
area, and drag coefficient. The uncertaintics in these parameters are covered by a user-specified flame flux
multiplier, model parameter No. 74 FLPHI, The recomtnended best estimate, minimum, and maximum
values of the flame flux multiplier are 2,1, and 10, respectively.

MELCOR does not model hydrogen combustion as a flame front; instead, it assumes hydrogen burns
uniformly in a compartment. Thus, during a burn, a compartment will consist of a homogeneous mixture of
burned and unburned gases. The flame speed and combustion completeness are determined by ernpirical
correlations which are derived from a variety of experiments that were performed in the Variable Geometry
Experimental System (VGES), Fully Instrumented Test Series (FITS), and at the Nevada Test Site (NTS).
No analytical solutions are involved la MELCOR combustion model._ The flame speed correlations used in
the MELCOR code are functions of the initial mole fraction of diluents and the initial mole fraction of
combustible gases. The correlation does not depend on temperature.

In the MELCOR code, the burn time is calculated as the ratio of a characteristic length to the flame speed.
The default value of the characteristic length (i.e., travel distance of the flame) is the cubic root of the
compartment volume. The final mole fraction of combustible gases is determined by the combustion
completeness inodel which uses empirical correlations. Combustion is assumed to be complete for
combustible gas concentrations at or above 8% The final combustible concentration may never be reached

' if the burn is oxygen-limited.

20 Direct Containment Heating (DCH)

In certain reactor accidents, the reactor core can be degraded while the reactor coolant system remains
pressurized. In these accidents, molten core debris will relocate to the bottom of the reactor vessel and will
start attacking the bottom head of the reactor vessel. When the latter is breached, core debris will be
ejected under pressure. The ejected materials are likely to be dispersed out of the reactor cavity as fme.
droplets, quickly transferring thermal energy to the atmosphere. In addition, the rectal components of the -
ejected core debris, mostly zirconium and stect, can react with atmospheric oxygen and steam to generate a
large quantity of hydrogen and chemical energy. This complicated physical and chemical process is known as
direct containment heating and may be a significant source of containment pressurization.

MAAP modeling of the DCH process is parametric to allow r.ensitivity studies. The flow rates of water,
steam, and zirconium entrained from the cavity are adjusted for chemical reactions and heat transfer. The
thermal and chemical equilibrium of corium entrained out of the cavity with water and gas is assumed.
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MAAP PWR Revision 17 has added the oxidation of steel and the highly exothermic reaction of Zr with
oxygen in the containment atmosphere. The Zr/0 reaction is particularly important for the upper2

compartment which is rich in oxygen.

The conditions inside the reactor vessel at the time of vessel failure are very important to the extent of
containment pressurization due to DCH. These conditions are determined by the accident sequence and the
in-vessel meltdown progression of the core. The kind of information needed to predict the magnitude of
DCH are the reactor pressure vessel (RPV), the size of the bottom head failure, the melt mass available for
release as well as its temperature and composition, the amount of hydrogen / steam dissolved in the melt, the
available mass of water in the RPV, the pressure of the reactor coolant system (RCS) and the amount of
hydrogen in the RCS at the time of vessel failure. The MAAP modeling of some important phenomena such
as entrainment/deentrainment are overly simplified. In addition, the DCH subroutine is not called by the
CCOMIT subroutine which means that DCH is not modeled for the cavity. This will under predict the
pressure difference between the cavity and the lower compartment during the blowdown time.

In the MAAP code, control material and fission products are added to the mass of debris in the lower
plenum as debris leaves the core region, and are released at vessel failure with the bulk debris. The
movement of these materials is performed in subroutines HEATFP (melting rate from the core) and PSFP
(addition rate to the lower plenum).

The present version of MELCOR does not have a DCH model and, hence, no comparison can be made.

21 Containment Safeguard Systems

21.1 Containment Sprays

MAAP models containment sprays for the upper and lower compartments. Sprays are not allowed in the
annulus region. The code assumes that droplets enter the compartment at an effective height at the terminal
velocity and drift downward until either they evaporate os strike a water surface. Users can specify what
fraction of the spray flow from the upper compartment proceeds unimpeded into the lower compartment.
Using the user specified nozzle height, initial droplet size, flow rate, and temperature, MAAP computes the
mass and heat transferred from the droplets to the containment's atmosphere. If the droplets enter at a
temperature below the dewpoint, moisture in the containment's atmosphere will condense on the droplets.' If
the temperature is higher than the dew point, droplets can be heated up and begin to evaporate. The heat-
and mass transfer by condensation, evaporation and convection are computed by empirical correlations.
Only one droplet size can be specified by the user.

In MELCOR, the containment sprays can be modeled in any control volume (i.e., containment
compartment) and be carried over to a lower compartment or collected in the containment spray sump.
Droplets reaching the bottom of a control volume and not being carried over to other volumes or placed in
the sump are put into the pool of the control volume. A distribution and frequency of droplet size may be
input for every spray source. A maximum of 5 sizes can be specified. Empirical correlations also are used -
to estimate the heat and mass transfer between the droplets and containment's atmosphere.

The MELCOR model is more flexib!c than MAAP in the treatment of spray source volume, the distribution
of droplet size, and the carry over to a lower volume However,it is expected that differences in the sp'ayr

models of the two codes will not have a significant effect on the thermal hydraulics of the containment, but
will affect the transport of fission products in the containment, particularly due to the treatment of droplet
size distribution.
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21.2 Fans

MAAP allows the user to specify the suction and discharge locations for fan coolers. The rates of flow and
energy transport are computed by mass and heat balance. Cross flow and finned tubes are assumed for the
fan cooler. The detailed calculations of heat and mass transfer involve fHm. wise condensation on the cooler
outer surface, thermal resistance through the tube wall, and convection in the co-current internal flow.

In MELCOR, the suction and discharge of the air flow can be specified separately for any control volume.
Heat and mass transfer also are computed for the heat exchangers. Although the details of computation
differ from the MAAP code, the general approach of using the conservation laws are similar.

22 Containment Failure Model

in the MAAP code, the area and location of containment failure are user-specified. Failure can occur either
in the upper compartment or the annulus region. Two models can initiate containment failure. A simple
model uses a user specified event, such as pressure or temperature, as the failure criterion. A more detailed
model involves stress and strain analysis, la the latter model, the containment wall is divided into 3 regions:

'

liner, tendons, and rebar. Initially, the clastic deformation caused by the ase in the containment's internal
pressure is computed. After the yield stress is exceeded, the calculatiou uses a plastic deformation model.
Containment failure is assumed when the resultant stress equals the ultimate stress. The failure is .
considered as a ' leak before break" if the initial failure is in the liner. The failure is referred to as global
failure if the initial failure is in the rebar or tendons. Local failure of a penetradon also is considered. The
detailed ruodel has been used in the MAAP/PWR sensitivity studies [24]. The results show that the strain
model is not conservative with regard to failure time. The failure time is important for the transport of
fission products and olisite consequence analyses. The detailed failure modelis not recommended for IPE
applications [25).

MELCOR uses control functions to simulate containment failure. Failure can be initiated by user specified
pressure, temperature, or time. The area and location of failure are also user specified. The control
function is equivalent to the simple model available in the MAAP code.

23 Auxiliary Containment

The auxiliary containment model !s a new addition to the MAAP code, it is very important for the analysis
of containment bypass events. The model does not use the approach of fixed nodalization and the pre-
defined circulation loop used in MAAP for the primary containment. Instead, a node and junction type
model was constructed which allows the user to specify the number of control volumes and the junctions; a
maximum of 9 and 50 are allowed, respectively. Multip!c junctions, both vertical and horizontal, are allowed
for each control volume. The model calculates forced, unidirectional, and counter-current natural circulation
flows passing through these junctions. Thus, the MAAP model attempts to treat a very complex flow
situation in a multiple region system.

For each control volurne, thermal hydraulic properties and their rate of change are computed. Most of the
phenomena v.hich could occur in the primary containment are accounted for, such as combustion, sprays,
heat transfer to walls, flashing, and rainout.

,

The most important part of the modelis the determination of flow patterns. Three flow patterns are
developed: the unidirectional flow (Bernouilli flow), purging flow and counter-current flow. Bernouilli flow
alone is used for junctions where it exceeds the purging flow. A fraction of the countercurrent flow is
superimposed on the Bernouilli flow for junctions where the purging flow exceeds the Bernouilli ilow. The
fraction is determined by a correlation to FAI data which equals zero when the purging and Bernouilli flows
are equal and which equals one when the Bernouilli flow is zero. The Bernouilli flow is derived from a
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simple force balance and is based on the assumptien that the gas density is uniform in the control volume,
i,e., there is no stratification in the compartment. The model will introduce some error for situations in
which a large variation in temperature and/or concentration results in a large variation in density. The oiber -
two flow models, purging flow and counter-current flow, are derived from empirical correlations.

The experimental base on which the flow models were developed involves a small-scale test apparatus. The,

test tank, which is essentially a two-volume system, is 0.55 in square and 0.762 in deep. Salty water and fresh '

water were used to create the density-drivan flow through small openings in the partition located in the tank.
The ratio of density difference to the average density is between 0.024 and 0.17. . For ideal gases, the
corresponding temperature difference will be in the range of 10 to 68 K for an average temperature of 400
K. This exnnple illustrates the condition of the auxiliary building at which the empirical correlation could be
applied. Other factors, such as geometric scale, multiple volumes, fluid properties, and the partition and
opening configurations, must be considered when the MAAP model is applied to the auxiliary building under
severe accident conditions.

We note that the experiments used a single phase fluid (water) in an idealized quasi-steady condition. In the
auxiliary building, the atmosphere is expected to contain a large fraction of steam which will condense. In
addition, other processes, such as sprays and combustion, could occur in the building. (A hydrogen burn will
create a temperature difference much larger than that used in experiments.) Since physical situations in the
auxiliary builuing vdll differ from the idealized condition employed it the experiments, a scaling study is -
needed to verify these empirical correlations.

Using the control volume concept, MELCOR can model the auxiliary building in a similar manner to the
primary containment. MELCOR does not have a model which can treat counter current flow in a junction.

24 Ice Condenser Plant

The compartment nodalization and flow circulation loop of an ice condenser containment were discussed in
Sectica 16. MAAP considers the ice condenser as a heat sink for pressure suppression. A simplified model
is used to treat the steam condensation and ice melting. The following are the major assumptions used in

the model:

1) Heat transfer to the ice condenser is fully effective and is not degraded until all the ice is mehed.
The presence of condensate film on heat transfer surface area and the decrease of surface area due
to ice melting are ignored.

'

2) The temperature of the steam-air mixture leaving the top of the ice condenser compartment is
constant, independent of Gow conditions. We requested clarification of the implications of the
constant temperature of the exit gas. The question and answer are given below [20):

Question:

In the HICE subroutine, the terperature of the exit gas is fixed at 100*F. A fixed temperature
implicitly determines the melting rate of the ice. What is the range of flow rate within which the

,

assumption of a fixed exit temperature is valid? Is this temperature adequate during a very low or
high blowdown rate of the primary system or under conditions where hydrogen burn occurs in the
upper plenum?

Answer:

The ice condenser exit gas temperature is set to 100*F to reflect experimental datti for high rates of
blowdown flow. Since the melting rate of the ice is determined by the rate of steam condensation,
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|- it is relatively insensitive to selection of a lower exit temperature, which could result from lower flow ,

| rates. That is, the steam mole fraction at 100*F is roughly 5%, whereas its mole fraction would be'
*

considerably higher on entry, so that nearly all the steam is already condensed by the model.I

Therefore, reasonable variation in this exit temperature for lower flow rates would have negligible
impact on the ice melt time. It is worth noting that the temperature of the condensate as it exits
the ice condenser is assumed to be equal to the average of the inlet and outlet saturation
temperatures (the latter is the exit gas temperature). The sensitivity of the melting rate to this

>

assumption is also believed to be small.

3) The grid and structures used to hold up the ice blocks are not considered as heat sinks. The ice-
condenser compartment will not play any role on containment response after the ice is cornpletely
depleted.

4) Flow area of the junction between the ice condenser and upper plenum compartments is a function
of flow direction. The flow area representing the intermediate deck doors will close if the flow
reverses. A bypass area which is provided in the design to equalize pressure difference will open.

i,, This is modeled by multiplying the normal forward-direction flow area by a user specified factor
when flow reverses. This treatment is also applied to the fan dust dampers.

.

5) Boiling of the water pool at the bottom of ice condenser by the dissolved fission product and the
decay heat in the gas phase are modeled in MAAP.

Based on this description, the simplified model may give some uncertainties on the predicted rates of steam
condensation and ice melting.

'

The present version of the MELCOR code does not have an ice condenser model. Hence, no comparison
can be made.

.

25 Stimmary
,

Based on this preliminary review, the MA/'P code appears to represent containment buildings and important
related phenomena reasonably well. Some models contain parameters which allow the user to perform

'

sensitivity studies. The following items are specific comments, which have been discussed in more detail in
this report:

1) The fixed nodalization and pre-defined circulation loop for the primary containment are restrictive, ,

particularly for an analysis of hydrogen distribution in the containment. The present structure of the
code does not allow a user to identify the potential for a localized detonation, which is potentially an
important issue affecting the performance of the PWR containment during severe accidents.,

2) Various corium/ water interactions are treated independently and inconsistently by several
subroutines (EXVIN, ENTRAN, PLH2, and PLSTM). The treatment could predict an excessive
generation of steam which will increase the containment's inertness and reduce the potential for
combustion.

3) The logic for calculating concrete decomposition by subroutine JET is not consistent with subroutine ,

f

DECOMP and the corium/ water interaction subroutines (EXVIN, ENTRAN, PLH2, and PISTM).
1

q

4) In treating corium concrete interactions, there are four major differences between the subroutines
DECOMP (MAAP) and CORCON (MELCOR): melt stratification, corium-concrete contact at
interface, sideward and downward erosion of concrete, and heat conduction in solid concrete. These
differences will affect the containment performance (such as combustion, pressurization rate and
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basemat melt through) and the release and transport of fission products in the containment. The
two subroutines were examined carefully by the code comparison exercise.

,

5) Por hydrogen and CO combustion, the differences between the MAAP and MELCOR treatments
are the ignition criterion, burn time, and completeness of combustion. MAAP relies on an
analytical model and MELCOR uses empirical correlations. Hydrogen combustion is an important
issue for the PWR dry containment, as is considered by the NRC Generic Issue GI 121 [7I)]. The
code predictions would affect the proposed hydrogen controlin the PWR dry containment.

6) MAAP appears to have an adequate treatment of containment sprays and fans. However,in
comparison with the MELCOR code, the restriction imposed by MAAP on tbc spray source
7mpartment and the size distribution of the spray droplets may have some impact on the transport
of fission products in the containment.

7) The detailed treatment of the auxiliary building is a good sddition to the MAAP code. The
auxiliary building model is important for containment bypass events. The model contains empirical
correlations developed from small test apparatus under simplified conditions.

.

T

t
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Part IV Fission Product Release and Transport .

26 Fission Products Treatment in the PWR System

26.1 Fission Product Species

hs the MAAP and MELCOR codes, fission products refer to both radioactive and non-radioactive nuclides generated .
by fuel fissioning and other non-radioactive material released from structures (control rods) or corium/ concrete
int:raction. The initial masses of 27 specific fission products (22 from fuel and 5 from structures), in the form of
chemical elements, are provided by the MAAP input fde (Table A.6). The 22 elements from the fuel are lumped
into 12 groups when they are released from the fuel rods. The 12 groups, most of which are chemical compounds, as
shown in Table A.7, are treated separately as aerosols or vapors in the MAAP code. The 5 elements from the
structures in Table A.6 are lumped together into group 1 in the MAAP code (aerosol of Table A.7). Any concrete
aerosol generated by the corium/ concrete interaction also is included in group 1 (aerosol of Table A.7).

In MELCOR, fission products are treated by the Radionuclide Package (RN). In this package, chemical elements of
similar properties are grouped into 15 classes (Table A.8). Comparing Table A.8 with Table A.7 shows that
MELCOR treats the fission products as elements, not compounds as treated in MAAP. The differrnt chemical
forms used in the two codes make a direct comparison of the source terms in the MAAP/MELCOR comparison
exercise more complicated, because conversion of the species would have to be made. For example, Cs! in class 2
and CsOH in class 6 of the MAAP species must be converted and combined in order to compare with Cs in class 2
of the MELCOR species. Although MELCOR permits the combination of two classes to form a new class upon
release, such as Cs + 1 to Cst, all default prop:rties have to be redefined for the new material class through the
input file specified by the user.

Table A.6 Initial Core Fission Products in MAAP From ?uel
~

1.Xe 12. Mo
2. Kr 13. Tc
3. I 14. Ru
4. Rb 15. Sb
.t. Cs 16. Te
6. St 17. Ce
7. Ba 18. Pr
8. Y 19. Nd
9. La 20. Sm

10. Zr 21. Np
11. Nb 22. Fu

From Structural Materials

1. Cd
2. In
3. Ag
4. Sn

5. Mn
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Table A.7 Fission Product Species in MAAP
;

1. Noble Gases and Radioactivity inert Aerosols

2. Csl + Rbl

3. TcO 2

4. SrO

5. moo2

6. CsOH + RbOH

7. BaO

8. La 0 + Pr:0 + Nd 0 + Sm20 + YO3 3 3 2 3 3 3

9. CcO2

10. Sb

11. Te2

12. UO + NpO + PuO2 2 2

MELCOR uses the VANESA model to compute the radionuclide release from the reactor cavity. Because VANESA
models 25 species, mapping is employed between the 25 species defined in VANESA and the 15 material classes used
in the RN package. Mapping also is performed between non-radioactive materials in the COR package (core),1.e., ,

steel and steel oxide, and the material classes in the RN package. If the default class structure is used, the default '

mapping applies. However, if the default class structure is revised, mapping must be modified through the input
.

records.

In MAAP, the total core inventory of the 27 elem .ts given in Table A.6 is specified by the user in the input file.
The initial distribution of the masses is specified aa the core peaking factors. In MELCOR, the initial distribution of .
the masses of core fission products also can be specified in the input fde to reflect the radial and axial power profiles
in the core. In addition, MELCOR allows fission products to reside in the fuel-cladding gap.

26.2 Fission Product Transport

Fission product transport is closely coupled with the thermal-hydraulics. In any region of the primary system or
containment, the rate of change of fission product depends on the volumetric flows and temperature of gases and the
temperatures of structures in that region. On the other hand, the energy balance required in the thermal. hydraulic
calculation needs information on the fission product decay heating.. Therefore, the behavior of the fission products
predicted by either MAAP or MELCOR strongly depends on the thermal-bydraulic behavior predicted by the codes.

In MAAP, the behavior of the fission product is a ulyzed separately for the primary system, steam generators,
pressurizer, quench tank and for the containment spper, lower, annulus, and cavity compartments. Aerosol also is '
analyzed for the auxiliary building. In each region, acrosols and fission product vapors are transported along with the
steam, hydrogen, and other gases. If a water pool is present in the region, as in the case of the containment,' pool
scrubbing is estimated, and the deposited aerosols are transported with water. However, pool scrubbing is not

.

scodeled for the annulus and ice condenser regions of the containment. Pool scrubbing also is not medeled for the
primary system. MAAP permits fission products mixed in the corium to be transported with corium during core
relocation, discharge from the reactor vessel, and entrainment in the containment. The quantity of fission products
transported with corium is determined by the fractional volume of corium involved in these processes.-
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- Table AJ Material Classes in MELCOR'

,.

Class Narne Representative Member Elements

1. Noble Gas Xe He, Ne, Ar, Kr, Xe, Rn, H, N

2. Alkali Metals Cs Li, Na, K, Rb, Cs, Fr. Cu

3. Albhe Earths Da Be, Mg, Ca, Sr, Ba, Ra, Es, Fm

4. Halogens 1 F Cl, Br, I, At

5. Chalcogens Te 0,S,Se,Te,Po

6. Platinoids Ru Ru, Rh, Rb, Re, Os, Ir, Pt, Au, Ni
'

7. Early Transition Elements Mo V, Cr, Fe, Co, Mn, Nb, Mo, Tc, Ta, W

8. Tetravalent Ce Ti, Zr, Hf, Ce, Th, Pa, Np, Pu, C -

9. Trivalents La Al, Se, Y, La, Ac, Pr, Nd, Pm, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Am,
Cm, Bk, Cf

10. Uranium U U

11. More Volatile Main Group Cd Cd, Hg, Zn, As, Sb, Pb, TI, Bi

12. less Volatile Main Group Sn Ga, Ge, In, Sn, Ag

13. Boron B B, Si, P 1

14. Water H, HO2

15. Concrete - -

1

In MELCOR, aerosols and fission product vapors are transported between control volumes through flow paths in a
similar manner as the MAAP model. However, fission product transport in any flow path can be disabled by a user-
input record to simulate the potential blockage of aerosols in the flow path. The removal of aerosols and vapors by
filters in any flow path also can be modeled in MELCOR. In MAAP, the f:lter is modeled only in the auxiliary .

building with DFs specified by the user.

263 Fission Product Decay Heating

MAAP tracks the energy associated with fission product decay. Each fission product species is assumed to decay at a
rate proportional to that given by the ANSI decay curve. As the fuel node heats up and releases fusion products, the |

-|associated decay heat energy moves out of the core into other parts of the primary system. In MAAP, each node in '

the primary system may have multiple heat sinks, which can be heated up by the deposited fission products. Masses
of fission products which are deposited on each of the heat sinks, are tracked separately, Decay energy associated ,

with the suspended fission products is assumed not to heat up the atmosphere in that node. The energy is converted _ !

to one of the heat sinks which has the largest surface area. The largest heat sink is selected to reduce the ;

temperature rise due to fission product decay heating. Revaporization of volatile fission products is determined by j

the heat sink temperature.

I
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In the containment, MAAP allows the decay energy of the suspended fission products to be added to the atmosphere ;

energy in that compartment. This addition will serve to increase the containment temperature. The decay.cnergy of
deposited fission products is added to the single heat sink in the compartment. (In each compartment, MAAP only
models one heat sink to receive the decay energy.) The surface area of the single heat sink in each containment
compartment is specified by the user, and the aerosol settling area is provided by the floor area also specified by the
user.

In MELCOR, the decay energy of each fission product species can be proportional to the ANSI decay ctuve or can
be described in a tabular form provided in the input file. In each control volume, different treatments are applied to
the decay energy provided by fission products in the atmosphere,in the water pool, and deposited on the surface
structure:

Decay energy provided by fission products in the atmosphere is divided among the atmosphere of that(1)
volume, surfaces in that volume, and the atmosphere and surfaces of other volumes. The split of the decay
energy is determined by the user's input.

(2) Decay energy provided by fission products in a water pool is completely absorbed by the pool.
t

Decay energy associated with fission products deposited on a structure is allocated to the structure, the(3)
atmosphere of the volume, other surfaces in the volume, and the atmosphere and surfaces of other volumes.
The allocation can be specified by the user. ,

These treatments are an attempt by the MELCOR code to consider energy transfer by radiation among the
atmosphere and structures of the volume and other volumes.

A comparison between the two codes on the way fission products are treated is summarized in Table A.9. The
MELCOR treatment includes many parameters specified by the user for performing sensitivity studies.

~

27 In-Vessel Release

In the MAAP code, the fission product release from the fuel rod starts at the time of clad failure. There are two
criteria for clad failure: a failure temperature specified by the user,' or when the computed burst stress of the clad is
greater than the hoop stress. The failure temperature is provided by model para. meter No. 46, which has a default
value of 1200 K. The stress analysis depends on the heat up rate of the fuel rod, and therefore is dependent on the
accident sequence. Presently, it is not known which criterion will result in early cladding failure for a given accident
sequence. Because the release time, relative to the failure time of the reactor vessel and the failure time of the

,

containment, is important for the overall fi .sion product deposition in the primary system and release to the
containment, some comparative analysis should be performed to guide the selection of the two criteria for in vessel
release.

.

The releases of the volatile materials (noble gases, Cs, I, and Tc) are estimated in MAAP by either the steam
oxidation model or the empirical correlations recommended in NUREG-0772 [27]. The steam oxidation model
assumes that the release of volatile fission products follow the kinetics of fuel oxidation when UO is heated in steam.
The model shows that the fractional release of all volatile fission products is a function of time and temperature.
The correlations recommended in NUREG 0772 provide the fractional release rate coefficient (fraction / minute) as a
function of temperature only. The correlations contain empirical constants which are derived from experi.nental data ,

for temperatures greater than 1000'C. The two models have been compared with identical boundary conditions
(core flows, temperatures, etc.), and the predicted release rates for Cs and I from the two models are reported to
agree reasonably well [28).

4
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j' Table A.9 Comparison of Fission Products Tmatment''
'

.J
, .-

'
t

MELCORMAAP' < <

Total core inventory of . . . Initial masses are . ;Initial Fission Products Masses ..

.25 elements are .provided in COR and . * |

provided RN package .

..s
. - Radial and axial jRadial and axial.

distribution of masses. : distribution of masses
are specified via peaking - can be specifmd ,

,

g,cgo,,
- -

. - ,

< .

15 elements (default)12 classesFission Products Species
4..

(Most are chemical . 'A total of 20 elements
;

.
.

q. compounds, except noble , can be user specified - '

. . Chemical compound :;gases and Sb)

'

can be user specified
' . - Mapping is required

Fission Products in each . F.P. in each control .Fission Products Transport ..

region are transported volume is transported - |
along with the flow along with the flow

,

t

Pool scrubbing isPool scrubbing is ..
'

modeled in all allowed in every flow
containment - path'and control volume - !

compartments, except as user specified .
- '

ice-condenser and
" '

,

annulus region
,

'

No pool scrubbing in.

primary system , ,

Filter is allowed in anyNo fdter in any ..

flowpath, except the flow path n user- ,'
auxiliary building - specified ? q

Fission Product Decay Heating: ,

. .
a

.- - Allowed to heat up? ' ' !Allowed to heatup theF.P. Suspended in Atmosphere .

"
atmosphere in . atmosphere and .

.

; jcontainment - structures of the current
- volume and other 1
volumes

Split energy is user-Not allowed to heatup - .*

the atmosphere in ' specified
primary system (Heat is

-,,

[
transferred to the largest |
heat sink) :,

!
4

L

i
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Table A.9 Comparison of Fission Products Treatment (Continued) Appendix A

MAAP MELCOR

Allowed to heat up theHeat-up of the singleF.P. Deposited on Structures ..

structure 'm each region structure, atmosphere
of the and other structures of
containment the cunent volume, and

atmosphere and
structures of other
volume

Split of energy is user-Heat up of multiple ..

structures in primary specified
system

Complete absorption by |
Complete absorption byF.P. Deposited in Water Pool ..

water poolwater pool

A separate treatment is used for the release of tellurium, because tellurium can be chemically bonded to the cladding
when Zr is less than 70-90% oxidized. Therefore, MAAP provides an option to allow the tellurium to remain in the -
core region. The option is provided by the model parameter No. 51, FTEREl, specified by the user. With this
parameter at zero, Te will remain in the core region, supply decay heat during the core heat up, and will be
transported with Zr and molten fuel during cort, relocation into the containment, in the containment, Te is released

'

from the melt as Zr is oxidized due to core / concrete interactions. When the model parameter is one, Te will be
released according to either the steam oxidation model or the empirical correlations. Recently, a new model
parameter No. 77, FTENUR was added for use in correlation with the NUREG-0772. ITENUR is defined as the
oxidized Zircalloy mass fraction limit below which tellurium release rates are limited. FTENilR has a default value

of 0.9 [29).

For non-volatile fission products, MAAP uses Kelly's correlations of the fractional relmse rate coefficient, which
contain empirical constants for different fission product elements, similar to the correlations recommended in the -
NUREG-0772 report. The release of the non volatile fission products also is limited by the transport of fluid flow ,

computed by the MAAP code, i.e., the ability of the flow to carry the materials to the upper plenum. This lhnitation
implies that the concentration of any element in the atmosphere can not be greater than the saturated concentration
based on chemical equilibrium. A negative value of the model parameter No. 50, FPRAT, specified by the user will
turn on the saturation limitation mechanisms, which reduces the release of nonvolatile fission products.

Although the control rod and structural materials are not considered when calculating the core thermal-hydraulics,
MAAP does consider the release of In, Cd, Ag, Su, and Mn at the time the melting point of stect is reached in any
node. The release of these materials is controlled by the saturation densities at the nodal temperature. MAAP
accounts for the transport of these materials in the primary system and in the containment.

In MELCOR, the init al fission product masses are allocated to the fuel or the fuel-cladding gap. In the gap region,
'i

the fraction, not the mass, of the initial inventory is specified. The default values of the fraction of gap inventory
used in MELCOR are obtained from the CORSOR model. For example, the amount of gap inventory is taken to be
5% of the initial mass of Cs. l.7% of 1,3% of the noble gases, and 0.01% of Tc. It should be noted that these values
depend on the degree of irradiation of the fuel rod. Values provided by CORSOR are for highly irradiated rods and '
are not applicable to fresh rods.

MELCOR models the in vessel release by two sta[;es: gap release and fuel release. Fission products in the fuel-
cladding gap are released at cladding failure defined by either a failure temperature specified by the user or the loss
of intact cladding geometry. The default value of the failure temperature is 1170 K, which is comparable with the

A-57
;



-

Appendix A

recommended failure temperature (1200 K) used in MAAP for fission product release. The loss of an intact cladding
is determined by the model of the fuel melt in the COR package [2]. When any fuel node reaches the above rdcase
criterion, the entire gap inventory in the fuel rods of that radial ring is released instantly to the surrounding control
volume. The subsequent release from fuel as it heats up is calculated on a node by node basis. The fission products
from the fuel are released to the gap inventory when the cladding is intact, and are released to the surrounding
control volume when the cladding fails.

The release rates of fission products from the fuel are computed according to the empirical correlations provided by
the CORSOR or CORSOR M model depending on the user's selection. These empirical correlations are the same
as those reported in NUREG-0772, which also were used in the MAAP code. The CORSOR and CORSOR-M
models consider the release rate of each material class as a function of temperature only. The surface to volume.
ratio of the materialis not included. An option has been added in MELCOR to consider this ratio. A component
surface-to-volume ratio specified by the user is compared to a base value, derived from the CORSOR experimental
data (422.51/m). The computed release rate of the CORSOR or CORSOR M model is increased or decreased by
the ratio of the value specified by the user to the base value. The release rate calculated for each class by the
CORSOR or CORSOR-M model applies to all core components (i.e., fuel, cladding, control rod, and particulate

debris.)

The treatment of Te in MELCOR is slightly different than in the MAAP code. In MELCOR, the computed Te
release of CORSOR or CORSOR M is used when the amount of cladding oxidation is greater than a cut off value
(default =0.70). When the amount of cladding oxidation is less than the cut off value, the release rate is multiplied by
a multiplier (default =0.025) Recall that MAAP also provides the option such that the Te release rate is determined
by the CORSOR M correlations. However, the recommended default value is 0.9. [29).

MELCOR also considers the effect of the vapor pressure of each material class. No concentration of any element
can be greater than the saturation concentration in the surrounding control volume. If the release mass is greater
than the saturatio~n value for the fission product vapor, the excess vapor mass is converted to aerosol mass. MAAP
also uses the saturation concentration to limit the release of fission products, and there is no excess vapor mass.

Hobbins, et al., [30] pointed out that melt progression in the reactor core has important effects on fission product
release as described below;

Burst release due to fuel microcracking during core reflooding can increase the release of the fissiona.

products.
>

b. Fuel liquification (i.e., dissolution of fuel pellet with molten zircaloy) destroys the crystal structure of the
UO pellet so that the release of fission products is much faster than the process of diffusion in a solid.2

These effects are not considered in MAAP or in MELCOR. A comparison of the treatments in MAAP and
MELCOR for the in vessel release phase are summarized in Table A.10.

28 Ex-Vessel Release

The release of fission products during coriur,-concrete interaction is computed by the. METOXA subroutine of the
MAAP code. METOXA models vaporization of compounds from the molten corium pool The compounds include
those present in liquid form as corium constituents and those formed by chemical reactions between liquid corium
constituents and the concrete decomposition products. A total of 23 reactions and element balances are modeled asl

the " basis set" in METOXA. Compounds not included in the basis set are considered in a set of auxiliary relations. |

The chemical reactions involve 30 x 6 condensed species and gases. |

|

1

|

|
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Table A.10 Comparisons of In Vessel Release

MAAP MELCOR

Release Crifyria

1. User specified Failure Default = 1200 K Default = 1170 K
Temperature

2. Failure of Intact Burst stress analysis Clad melting analysis

Cladding

Release Mode Gap release and fuel release Gap release and fuel release

Volatile materials release 1. Steam oxidation model CORSOR or CORSOR M
2. Empirical correlations model

(NUREG 0772) [27] ,

Treatment of Te User-specified option: User specified cut-off
1. No release parameter:
2. Same as MELCOR 1. Above 70% Zr

model. The default valve oxidation:
of the cut-off parameter CORSOR or

(FTENUR) is 90% CORSOR M model.
2. l. css 70% Zr oxidation

reduced by a user-
specified multiplier ;

(0.025)

Non volatile Material Release Kellhs correlation CORSOR or CORSOR-M
model ,

*I

The vaporization model in METOXA assumes chemical equilibrium for all chemical reactions between the liquid
corium constituents and the concrete off-gas. Ideal fugacity is assumed for gases. Non-ideality of the liquid
compound is expressed by the activity coefficients, which are temperature- and composition-dependent. ' Four activity
coefficients, expressed as model parameters specified by the user, are provided by MAAP for sensitivity studies for :

the compounds SiO , SrO, BaO, and K O or Na20. The recommended minimum and maximum values for these2 2

coefficients cover a large range of uncertainty.

METOXA also assumes equal oxygen potential throughout the debris pool This assumption implies that gas
agitation will create enough interfacial contact between any phases to promote oxygen diffusion to equilibrium.
There is no stratification or phase separation on oxygen potential.

The ex-vessel release is sensitive to the corium temperature and all other factors that influence the corium
temperature, such as corium/ water and corium-concrete interactions. Thus, the release of he ex vessel fissiont

products modeled in METOXA is coupled to the analysis performed by the DECOMP subroutine. In DECOMP, a
single corium temperature is computed based on the uniform mixing model.

In MELCOR, the VANESA model has been implemented and coupled to CORCON during every time-step to
estimate the release of fission products from the corium-concrete interaction. Two acrosol generation processes are

;
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addressed in VANESA. In addition to the vaporization release considered in MAAP, VANESA also includes the
mechanical aerosol generation process.

A total of 27 species are considered in VANESA. Each species within the melt represents an element or group of
e!cments presumed to have similar physical and chemical properties. Because CORCON assumes a multiple layer of
the corium pool, each melt species is assigned to either the metallic or oxidic layer, depending upon the species'
chemical characteristics. Purthermore, the oxygen potential of the oxidic layer is assumed to be the same as that
calculated for the metallic layer. This assumption is equivalent to the assumption that oxygen transport between the
oxidic and metallic phases is sufficiently rapid to compensate for various processes that would otherwise increase the -
oxygen potential of the oxidic layer.

In the VANESA vaporization model, chemical equilibrium between the gas phase and the condensed phase is
assumed separately for the oxidic and metallic layers. The non-ideal effects are represented by the activity coefficient
for the condensed phase and fugacity coefficient for the gas phase. However, the present version of VANESA used
in MELCOR made the following approximations: (1) nearly all constituents of the metallic and oxidic phase of the
core melt were assumed to be ideal, (2) Na2O and K O were taken to be non-ideal and have an activity coefficient of2

10 , (3) all gases and vapors are ideal. These approximations also are implemented in MAAP. (The recommended4 ,

best estimate of Na2O and K O activity coefficient also is 10'.)2

The vaporization model considered in both MAAP and MELCOR provides the upper bound estimate of materials
which are released from the core debris interacting with concrete. The kinetic factors which might prevent the
vaporization process from reaching the equilibrium limit also is considered in VANESA. Because vaporization
processes involve the transfer of a volatile constituent to the free surface of the vapor phase, VANESA considers the
following rate processes:

(1) The volatile constituents of the condensed phase must migrate to the free surface;

(2) Once the constituent reaches the free surface, it must transfer into a vapor; and

(3) Vapor at a surface must be conducted away from the surface until the gas phase becomes locally saturated
and net vaporization ceases.

Each of the above steps is a kinetic process that requires time. Because the steps are serially related any one of
them can become rate-limiting. The kinetic processes are not modeled in MAAP. The inclusion of the kinetic model .

and the chemical equilibrium model is an important difference between the MELCOR and MAAP code.
'

Another important aspect of the VANESA model is the inclusion of mechanical aerosol generation, which refers to ,

the dispersal of small droplets of melt into the containment atmosphere by gas bubbles rising through the melt. The
process can occur in two ways: bursting of bubbles at the surface of the melt and the entrainment of the melt.
When gas generation rate is low, gases pass through the melt as discrete bubbles. At the surface of the molten ,

debris, the bubbles burst and throw the melt material upward in droplets of small dimension. As the rate of gas j

generation rises, entrainment of melt droplets at the surface of the melt can occur. Within the context of the .

VANESA model, only the uppermost portion of the core debris in the oxide layer participates in the mechanical |
aerosol production process. The particle size distribution, generation rate, and aerosol composition are considered in j

the VANESA model.
|

The mechanical aerosol generation is important during the time periods when 1) gas generation rates are high during
the early transient stage of corium-concrete interaction,2) the corium temperature is low so that the acrosol
generation due to vaporization becomes insignificant at the late stage of a transient. At low temperatures in the
corium, gas generation from the decomposition of concrete can still be high and the bubble bursting and/or i

entrainment can still be significant. The mechanical aerosol generation model is omitted in the MAAP code. |

The comparisons of the ex-vessel release in MAAP and MELCOR are summanzed in Table A.11. ;

1
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Table A.11 Comparisons of Ex Vessel Release

MAAP ME1IOR

Vaporization Release
Chemical Equilibrium Yes Yes

Gas Phase ideal fugacity Ideal fugacity

Condensed Phases Non ideality by activity Non ideality by activity
coefficient coefficient

Temperature-Dependent Single corium temperature Separate temperatures for
oxidic and metallic layers

i
Oxygen Potential Uniform Uniform for alllayers

Kinetic Rates Omitted Rate limitation considered

Mechanical Aerosol Generation Omitted Eurst release and melt
entrainment are modeled

29 Aerosol Dynamics

in MAAP, the removal rates of aerosol and vapor from the gas phase to surfaces or the revaporization rates of
deposited materials are computed in subroutine FFTRAN. In this subroutine, the aerosol decay or removal constant
is expressed by the instanteneous aerosol concentration of any species. Brownian and gravitational motions are .

modeled for aerosol agglomeration using the principle of similitude, which states that the determination of the size
distribution function can be made universal by introducing suitable scale factors, i.e., using dimensionless parameters -
to express the aerosol density and the acrosol decay or removal constant. The principle of similitude used in MAAP
:s valid only for two limiting cases when only one of the deposition processes is operative. The two limiting cases are
the aging of an initially specified aerosol, and a steady-state aerosol generated by a constant continuous source.
These two cases can show how the shape of size distributions vary with time or with the aerosol source strength, Le.,
aerosol concentration decay or buildup. For acrosol conditions that involve both the steady-state and decay (aging)
regimes of acrosol behavior or more than one particle removal processes, MAAP uses an interpolation method
between the two limiting cases and the ' combining law" to represent the combining effect of the two major removal
processes.

Similar treatment also is applied for particle deposition on surfaces covered by turbulent boundary layer (turbulent
deposition), for deposition by inertial impaction and for particle removal by teaking, steam condensation, and ,

thermophoresis. Empirical correlations of the removal rate constant as a function of acrosol mass density were
developed for these mechanisms. It is noted that these dimensionless correlations involve many empirical constants.
MAAP allows three of the empirical constants to be used as model parameters for sensitivity study. These
parameters are:

Best Recommended Rance
Estimate Minimum Maximum

Collision Efficiency (No. 68) 033 033 1

Particle Collision Shape Factor 2.5 1 10

(No. 38)

Aerosol Settling Shape Factor 1.0 1 15

(No. 39)
1
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The effect of such a large variation of these parameters has been investigated in the MAAP-3.0B Sensitivity Analysis
[24), which shows that the upper bound of these parameters play an important role in the release of La, Sr, and Te,

*and on the DFs of Cs, I, and Te in the auxiliary building.

Water soluble aerosols also are modeled in MAAP to consider the condensational growth of hygroscopic nuclei in

subsaturated or saturated steam environments. The model assumes:

(1) Particle size is uniform, and the aerosol behavior is monodisperse;

(2) Particle growth by condensation is more rapid than the growth by coagulation and particle removal by gravhy
is attained by each particle;

(3) The initial seed partic!c radius is empirically determined as 03 microns (model param:ter No. 49);

(4) The criterion for choosing between the dry aerosol model and water soluble aerosol model is based on the
relative values of the predicted removal constant. The larger removal constant is used for hygroscopic
aerosol fallout.

The aerosol dynamics performed in subroutine FITRAN is based on an acrosol size distribution determined by the
local quantities in each control volume. However, if a group of control volurnes are interconnected and the inter-
mixing flows are large enough to result in effectively the same size distribution, the aerosol dynamics will be
computed by the averaged quantities over the group members. The criterion of group formation is based on the
product of the aerosol residence time and the removal rate. If the smaller product of all the control volumes in the
group is less than 1, MAAP/PWR will take the following steps:

(1) All containment compartments are considered to be a group;

(2) All primary system nodes other than the reactor dome are considered to be a group, if recirculating flow
paths in the primary system are not blocked by a water level.

MELCOR does not consider the formation of groups and does not use any averaged quantities to compute aerosol
dynamics. All aerosol calculations are based on local quantities in a control volume.

MELCOR uses the MEAROS model to compute the aerosol behavior in the atmosphere of each control volume.
MEAROS is a multisectional, multicomponent acrosol model, which evaluates the dynamic size distribution of each
component. Different aerosol species, referred to as components, are specified such that the model can track the
behavior of each species individually. A number of size classes, referred to as sections, are specified to represent the
particle size distribution for the suspended aerosols. Each component can have an independent. source size
distribution and source rate. In MELCOR, up to 5 sections and 15 components can be specified. However, limited
by the computational time, specification of only one component is recommended in the present version of the

;

MELCOR code to achieve the best calculational time. Condensation and water can be one of the acrosol
components; it is referred to as fog and its mass is calculated in the Control Volume Hydrodynamics (CVH) package.
The input parameters specifying the aerosol size boundaries are the lower bound and upper bound aerosol diameters. |

4 IThe default values are 10 and 5 x 10'8 m, respectively. The initial mass of the aerosol water is put into the smallest
aerosol section.

MELCOR treats three agglomeration processes: Browman, gravitational, and turbulent agglomeration. The code " |

allows many input parameters specified by the users to control these processes for sensitivity studies. The input ,

parameters include the material density (default 1000 kg/m'), aerosol dynamic shape factor (default 1.0), i

agglomeration shape factor (default 1.0), turbulence dissipation rate (default 0 001m /s'), particle, slip coefficient
2 1

(default 137), and particle sticking coefficient (default 1.0).
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In MELCOR, aerosol deposition and settling are treated as separate processes. Aerosols can directly deposit onto a
surface (cciling, wall, or floor) through deposition processes. Settling refers to large aerosols (formed by
agglomeration) which fall onto horizontal surfaces in the control volume by gravity. There are four deposition

Brownian, gravitational, thermophoresis, and diffusiophoresis. Thermophoresis is the migration of aerosolprocesses:
particles to surfaces due to a temperature gradient in the gas boundary layer. Diffusiophoresis is the migration of
aerosol particles to surfaces due to a concentration gradient.

In addition to structural surfaces, a water poolin any control volume is considered to be available for deposition and
settling. Aerosols also can settle between control volumes through open flow paths, called 'ilowthroughs'. The input
parameters controlling the aerosol deposition processes are the thermal accommodation coefficient (default 1.0),
particle slip coefficient (default L37), diffusion boundary layer thickness (default 10 m), and the ratio of the thermal

4

conductivity of the gas to that for the particle (default 0.05).

Instead of the principle of similitude used in MAAP, aerosol dynamics in MELCOR is described by a set of ordinary
differential equations. To integrate these equations forward m time, the kernel for agglomeration and the rate
constants for aerosol deposition need to be known on the basis of size class used. When defined on the basis of size
classes, the agglomeration kernel and the rate constants are referred to collectively as aerosol coefficients. The
MELCOR/MEAROS model computes these aerosol coefficients. The pressure and temperature of the atmosphere
are embedded in these coefficients and are fixed for a single set of coefficients. Because the calculation of these
coefficients is time consuming, MELCOR only computes 4 sets of coefficients at points given by combinations of two
temperatures and two pressures. Changing thermal hydraulic conditions during the transient are accommodated by
interpolating between these sets of coefficients. Thus, the two temperatures and two pressures should be chosen to
bound the temperatures and pressures expected during the transient. This procedure imposes some constraints as
summarized below:

(1) The aerosol material density is assumed to be the same for all components.

(2) The particle shape is constant.

(3) The degree of turbulent agglomeration is constant.

(4) Deposition rate is independent of particle composition. (The ratio of the thermal conductivity of air to that
of the aerosol material is fixed.)

The MEAROS model for particle growth or decay due to water condensation or evaporation on the aerosols is not
used in MELCOR. MELCOR uses the fog mass (aerosol water) calculations of the Control Volume Hydrodynamics
(CVH) package to determine the amount of water present in the atmosphere. The model accounts both for the
diffusivity of water vapor in air and for the conduction of heat associated with condensation or evaporation.

The comparisons of MAAP and MELCOR aerosol dynamics are summarized in Table A.12.

30 Engineering Safety Feature ModcIs

30.1 Pool Scrubbing

Pool scrubbing refers to the removal of acrosols by several physical processes, which are involved in transporting gas-
borne particles to the liquid interface (bubble surface) when steam / gas mixtures are bubbled through a water pool.
The processes modeled in MAAP include gravitation, inertial impaction, Brownian diffusion, condensation, and
thermophoresis. The term used to quantify the reduction is the decontamination factor (DF). In MAAP, pool
scrubbing is considered for the upper, lower, and cavity compartments, and for the auxiliary building. In these
regions, a water pool above the molten corium will remove a fraction of acrosols entrained by gases released from
the corium-concrete interaction. A tube rupture in the steam generator and a pipe break in the primary system also

A43



Appendix A

can result in pool scrubbing of fission products and are modeled in MAAP. Pool scrubbing in the annulus
compartment and ice-condenser region are not modeled in MAAP,

i

Table A.12 Comparisons of Aerosol Dynamics

r

MAAP MELCOR

Treatment Methed Numerical solution MAEROS analytical model to

Acrosci decay or removal determine acrosol coefficient -

constant is related to scrosol
concentration by the principle of
similitude

Aerosol Agglomeration Drownian and gravitational Brownian, gravitational, and turbulent

Aerosol Deposition All surfaces for condensation and Multiple structures in each control

Structures gravitational settling volume

Singe structure in each region of Structure orientation specified

containment for thermophoresis

Multiple structures in primary systems

Structure orientation not specified

Oravitational, inertial
impact, turbulent, leakage, steam
condensation, and thermophoresis

Brownian, gravitational, the mophoresis,
and diffusiophoresis

Acrcmol Settling On horizontal surfaces only On horizontal surface only

Water Aerosol Condensation and evaporation Treated as fog in CVH package

considered

The pool scrubbing model used in MAAP consists of the computation of DFs for the incoming aerosols and for
condensable gases that form aerosols upon entering the pool. The total DF for the incoming aerosols is computed by '

i
engineering correlation of the results generated by SUPRA, coupled to the non dimensional acrosol particle size
distribution. The DFs depend on the following parameters:

(1) Gas injection mode: Two modes are modeled in MAAP for the PWR systems. A sparger is assumed for
containment compartments involving corium concrete interaction. A side vent is assumed for rupture of
steam generator tubes and the auxiliary building for conservative consideration. (The DF associated with
side vent injection is lowest.)

(2) Aerosol particle radius: MAAP/PWR sets the particle size as 0.01 microns for the sparger injection mode
by assuming that the particles are formed by homogeneous nucleation. For the side vent injection mode, the

1
aerosol particle mass distribution is computed by the subroutines AMDIST and ADJUST, which cover 10
particle sizes ranging 0.01 to 1 microns.

(3) System pressure: The range of system pressure covered by the model for the calculation of DF is 1 to 5 atm.
,

(4) Pool subcooling: The degree of pool subcooling covered by the model is up to 30K.
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(5) Pool height: The maximum pool height covered by the model is 6 m for sparger injection and 1.8 m for side
vent injection.

(6) Gas composition: The incoming gas composition is assumed to be hydrogen and steam for the sparger
injection mode and a mixture of steam, air and hydrogen for side vent injection.

In view of the above parameters, the range of system pressure, pool subcooling, and pool height are adequate under
most of the severe accident conditions. However, the assumed gas composition for the case of sparger injection (i.e.,
corium-concrete interaction) ignores the large quantity of CO and CO released from the concrr.te decomposition.
Since physical properties of CO and CO are quite different than that of H , ignoring these gases would cause an2

uncertainty on the DF calculation.

For fission product vapors that have condensed to form aerosols upon entering a cold pool, the decontamination
factors are computed by analytical models in the VAPRDF subroutine. The analytical models consider the effects of
vapor condensation, inertial impaction and thermophoresis. In the inertial impaction model, MAAP assumes that a
higher. velocity gas jet containing fine aerosol particles enters a pool of water. The entrainment of water at the gas-
liquid interface forces water droplets into the submerged jet. The aerosol particles within the gas stream are
collected by the water drops at a rate proportional to the relative velocity between the drops and the particles. The
main features of the analytical model include the following: 3

(1) The behavior of the two-phase axisymmetric turbulent free jet is not affected by the incoming acrosol
particles.

(2) After the initial expansion zone, a turbulent entrainment zone is defined based on a minimum gas velocity '
required for the liquid atomization process. The length of the entrainment region is determined by the mass
and momentum equations involving correlations for the entrainment velocity, minimum gas velocity, and an
entrainment coeffhient.

(3) The average droplet size in the entrainment zone is computed using the volume-to-surface area approach and

Weber number criterion. (The critical Weber number is taken as 6.)
,

(4) The aerosol particles are assumed to move with the jet velocity, and the droplet velocity is estimated by a
force balance. The particle collection efficiency is proportional to the relative velocity between the particles
and droplets. ,

These features are reasonable for the analytical model. The uncertainty of the computed DF depends on the
assumptions and approximations related to the entrainment length, entrainment velocity, entrainment coefficient,
droplet size, and velocity.

,

For the thermophoretic process, MAAP determines the decontamination factor by using the mass balance law and a
thermophoretical deposition velocity related to the temperature gradient at the gas / liquid interface. Using the
assumption that the particle concentration is proportional to the gas temperature, the DF is simplified as the ratio of
initial gas temperature to the final gas temperature. It is noted that the assumption of the proportionality between
the gas temperature and particle concentration was derived from an analysis involving the thermphoretic transport of
small particles through a free convection boundary layer adjacent to a vertical surface [31). The analysis is valid '
under two conditions: 1) natural convection boundary layer flow along a vertical surface, and 2) the product of
thermophoretic transport coefficient and Prandtl number is unity. The first condition may not apply for the present R

. pool scrubbing situation. The validity of the second condition has to be proven.

I
In MELCOR, the treatment of pool scrubbing is different than in MAAP. MELCOR only considers the removal of
incoming aerosols in the pool; the thermophoretic process is not considered. MELCOR uses analytical models to !
compute the aerosol particle deposition velocity. In the model, the poolis divided into an entrance region and a
bubble rise region. In the entrance region, it is assumed that the gas would attain thermal equilibrium with the pool
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water, and condensation would occur. Thus, an inlet scrubbing factor can be estimated on the basis of the fraction of
the gas that condenses. It is assumed that the particles are swept along with the condensing steam. The DF is
simply expressed as the ratio of mole fraction of noncondensables at the pool temperature and entrance pressure to
the mole fraction of noncondensables before entering the pool.

J

In the bubble rise region, aerosol particle capture by gravitational settling, inertial impaction and Brownian diffusion
i

are determined based on the mass and momentum conservation laws for spherical particles. Once bubbles begin to
rise, evaporation will begin because the bubble pressure decreases with decreasing depth. Thus, water evaporation,
which decrease aerosol removal at the gas-liquid interface also is considered in MELCOR. The net DF in the
bubble rise region is the sum of aerosol removal rates by these mechanisms. The total decontamination factor for ,

pool scrubbing is the product of the values for the entrance and bubble rise regions. The following are the I

restrictions of the pool scrubbing model in MELCOR.

(1) The submerged depth of the flow path must be greater than the *zero efficiency bubble rise height' in order
to compute the pool scrubbing. The default value of the height specified by the user is 0.0lm.

(2) Two bubble rise velocities must be specified by the user. One is the bubble rise velocity with respect to the
liquid, which determines the driving force for inertial deposition in the bubble. The default value of this
velocity is 0.2 m/s. The other velocity is the rise velocity of the bubble swarm used to determine the position
of the bubble with respect to time and the resulting evaporation from the pool to the bubble. The default
value of this velocity is 1.16 m/s.

^

(3) Spherical bubbles are normally assumed; however, a user can specify an elliptical shape for the rising
bubbles. Elliptical correction factors are computed to modify the spherical bubble velocities. For spherical
bubbles, the bubble diameter must be specified, and the default value is 0.005m. For elliptical bubbles, the
major to minor axis is specified by the user, and the default value is 1.5.

The comparisons of pool scrubbing in MAAP and MELCOR are summarized in Table A.13.

Table A.13 Comparisons of Pool Scrubbing

MAAP MELCOR

Incoming Aerosol Engineering correlation of SUPRA results. Analytical model.

Parameters controlling DF are: Pool has two regions. I

1. Gas injection mode 1. Entrance region (vapor
2. System pressure condensation effect)
3. Pool subcooling 2. Bubble rise region -)

4. Gas composition User specified parameters
5. Pool height required: bubble diameter,

rise velocity, minimum
Aerosol Formed by pool height ,

iCondensable Gases
Jet Entrainment Analytical model involves entrainment region Not modeled

length, entrainment velocity, droplet size and
velocity, etc.

Thermophoretical Analytical model developed for natural Not modeled
convection boundary layer flow along a vertical
surface
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30.2 Containment Sprays

When available, containment sprays are an effective mechanism for removing fission products. An analytical model i

using the first order rate equation is used in MAAP. This model shows that the rate of change of aerosol particle
concentration due to containment sprays is governed by the size of the water droplet, concentration of the water
droplet, relative velocity of the particles and water droplets, and the collection coefficient parameter. MAAP
considers the collection coefficient parameter to be independent of the particle size distribution and species class.
The spray absorption of elemental iodine is absent from the MAAP model.

MELCOR also uses the first order rate equation to estimate the change of fission product mass in terms of a rate
constant. The rate constant depends on the material class and droplet size, and is treated differently for vapors and
aerosol particles. Aerosol removal by inertial impaction and interception, with diffusiophoresis effects are considered.
Vapor removal by absorption using a stagnant film model to compute the absorption coefficient is included. The
vapor removal modelis important for the absorption of elementaliodine. The MELCOR code allows a partition
coefficient specified by the user to limit the iodine absorption. The partition coefficient is defined as the ratio of the
iodine concentration in the liquid droplets to the iodine concentration in the gas under equilibrium conditions. Using
the partition coefficient, a user can simulate chemical solutions contained in the spray water for the control of iodine.
For example, the partition coefficient can vary from 100,000 for the boric acid solution to 2,500 for the sodium
thiosulfate solution.

Comparisons of the MAAP and MELCOR spray models are summarized in Table A.14.

Table A.14 Comparisons of Containment Spray Model

MAAP MELCOR

Aerosol Removal First order rate equation First order rate equation '

Vapor absorption Not modeled Stagnant film model with
partition coefficient for iodine
vapor control

30.3 Ice Condenser

Removal of fission products in an ice condenser is important when early containment failure occurs and significant
fission product inventory is lost from the primary system before the depletion of ice. In mat". r-osol removal by
steam condensation and gravitational settling are modeled for the ice condenser and upper plenum compartments.
The empirical models used to estimate the aerosol decay rate are the same as that used for other containment
compartments as described in Section 28. Because conditions under which these empirical correlations were
developed are different than that in the ice condenser region, the models may not be appropriate for the ice
condenser. For example, in addition to the deposition on solid surface, there is retention by absorption in flowing
liquid water film formed by the melting of ice and the condensation of steam. Diffusiophoretic deposition, which
occurs as the result of steam condensation, and thermophoretic deposition, which is related to the large temperature
difference between the gases entering and leavir.g could be more important in the ice condenser region than in other
containment regions.

MELCOR does not have an ice condenser model and therefore, no comparison can be made.
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30.4 Filters
.

Filter systems are used as atmosphere cleanup systems in many ESF sptems, such as the containment air
recirculating system and the auxiliary building filter system. The fdter systems are intended to trap iodine and
aerosol particles from the air before they are released to the environment.

MAAP does not model fdters in any Lw path, except the auxiliary building. MELCOR has a simplified model to
represent the removal of aerosol particles or fission product vapor in any flow path. The model requires the
following parameters specified by the user:

(1) Flow path in which a fdrer is modeled,

(2) Type of filter, i.e., aerosol or vapor, but not both,

(3) Global DF, and

(4) Total mass loading.

31 Summary

Comparisons of the treatment of fission products by the MAAP and MELCOR codes are given in the summary
tables presented at the end of each section of this report. These tables rewat large differences between the two
codes. However, many differences between individual process may not make any significant impact on the overall
behavior of the fission products. This behavior is strongly coupled with the thermal. hydraulic behavior predicted by
the code. The release, transport, and removal of fission products are affected by the code predictions on fuel heatup,
cladding failure, fuel melt, gas and structure temperatures, inter-compartment flow, natural circulation, and the
corium/ water and corium concrete interactions. Thus, the fission product treatment should be reviewed on the basis
of a complete examination of the MAAP and MELCOR codes. The MAAP/MELCOR comparison exercise, which
presented an integrated fission product and thermal-hydraulic analysis, can he, used as the basis of evaluation.

Finally, the following are comments based on this preliminary review:

(1) la the primary system, the decay energy associated with the suspended fission products is not used to heat up
the atmosphere, but is converted to the heat sink with the largest surface area. This treatment would affect
the temperature of the heat sink and the revaporization of volatile fission products.

(2) The omission of the mechanical acrosol generation in the ex-vessel release model could introduce
uncertainties when gas generation rates are high during the early transient stage of corium-concrete
interaction, and when the vaporization process becomes insignificant at the late stage of a transient.

(3) Adding absorption of iodine would enhance the containment spray model

(4) The pool scrubbing model does not include the CO and CO gases for the sparger injection mode (i.e.
corium concrete interaction). Because the properties of CO and CO are different from that of H , the2 2

omission of CO and CO would affect the empirically determined D?.

32 References

1. MAAP 3.0B Users Manual, Vol.1 and Vol. 2, Fauske & Associates, Inc., March 16,1990.

2. MELCOR 1.8.0: A Computer Code for Nuclear Reactor Severe Accident Source Term and Risk Assessment
Analysis, NUREG/CR 5531, Sandia National Laboratory. January 1991.

3. Sharon, A. et al.," Simulation of the First 174 Minutes of the Three Mile Island Unit 2 Accident Using
MAAP 3.0B,* Nuclear Technology, Vol. 87,1989, p.1067.

A-68



e

Appendix A

4. Saha, P., 'A Review of Two-Phase Steam Water Critical Flow Models with Emphasis on Thermal
Nonequilibrium," NUREG/CR-0417, Brookhaven National Laboratory, September 1978.

5. Cronenberg, A. W. et al., 'An Assessment of Hydrogen Generation for the PBF Severe Fuel Damage
Scoping and 11 Tests," NUREG/CR 4866, Idaho National Engineering Laboratory, April 1987.

6. Cronenberg, A. W., et al., "Zircaloy Oxidation and Hydrogen Generation Behavior During Severe Accidents," -
Proceedings 24th National Heat Transfer Conference, Pittsburgh, Pennsylvania, p. 301, August 1987.

7. USNRC,' Severe Accident Risks: An Assessment for Five U. S. Nuclear Plants, Summary Report,"
NUREG 1150, Second Draft for Peer Review, June 1989.

8. Bayless, P. D., ' Analysis of Natural Circulation During a Surry Station Blackout Using SCDAP/RELAPS," -

NUREG/CR 5214, EG&G Idaho, Inc., October 1988.

9. Luckas, W. J., et al.," Assessment of Candidate Accident Management Strategies," NUREG/CR 5471,
Brookhaven National Laboratory, March 1990. j

10. Westinghouse PWR. System Manual

11. Wright, R. W.,' Experiments on in Vessel Core Melt Progression,' International Seminar on Fission Product
Transport Processes in Reactor Accidents, Dubrovnik, Yugoslavia, May 22-26,1989.

12. Hofmann, P., et al., ' Chemical Interactions of Reactor Core Materials Up to Very High Temperatures," KfK
4485, Kernforschungszentrum Karlsruhe GmbH, Karlsruhe, FRG.

13. Carlson, E. R. and B. A. Cook," Chemical Interactions Between Core and Structural Materials,' Proceedings
of the First InternationalInformation Meeting on the TMI-2 Accident, p. 191,1985.

14. Tolman, E. L., et al., 'TMI-2 Core Bore Acquisition Summary Report,' EGO TMI 7385, Rev.1, Idaho
National Engineering Laboratory, February 1987.

15. Cheng, F. B.,' Periodic Growth and Decay of a Frozen Crust Over a Heat Generating Liquid Layer,' Journal
of Heat Transfer, Vol. 103,1981,p.369.

16. Wang. S. K., et al.,'Modeling of Thermal and Hydrodynamic Aspects of Molten Jet / Water Interactions,"
ANS proceedings of 1989 National Heat Transfer Conference, Philadelphia, PA,1989,

17. Wolf, L.,'Results of Preliminary Hydrogen Distribution Experiment at HDR and Future Experiments for
Phase III," Proceedings of 16th Water Reactor Safety Information Meeting," Vol. 5, NUREG/CR 0077, U. S.
NRC, March 1989.

18. Pong, L. T., 'HECTR Assessment of Some HDR Experiments," ANS Proceedings of 1989 National Heat
Transfer Conference, Philadelphia, PA,1989.

19. IDCOR, "Tecimical Support for Issue Resolution,' Technical Report 85.2, Fauske & Associates, Inc., Burr
Ridge, IL, July 1985.

20. FAI Response to NRC Ouestion Set 2; MAAP/PWR, October 1990.

2L Cole, Jr., R., K., et al.,'CORCON MOD 2: A Computer Program Analysis of Molten-Chre Concrete ,

Interactions," NUREG/CR-3920, Sandia National Laboratory, August 1989.

A-69



y - . , , , . . ...
, ,

s .

m , , ,

rj'
*(,
5

L L Appendix A-

22. ~ Copus, E. R. and D.' R. Bradley, ' Interaction of Hot Solid Core Debris with Concrete,' NUREG/CR-4558, ,

Sandia National Laboratory, June 1986.

23. ' Powers, et. al., 'Recent Advances in the Study of Core Debris lateractions with Concrete", ANS
' Transactions, Vol. 63,1991, p. 261.

; 24. Mendoza, Z. T., and J. M. Hall,'MAAP 3.0B Sensitivity Analysis for PWR Station Blackout Sequences," NP >_ ,

7192, EPRI, January 1991. |

25. Kenton, M. A., and J. R. Gabor, " Recommended Sensitivity Analysis For An Individual Plant Exam'mation'- |
UsinS MAAP 3.0B", Gabor, Kenton and Associates, Inc.

26. Ferrell, C. M. and L. Soffer,' Resolution of Unresolved Safety Issue A-48, Hydrogen Control Measures and - !

Effects of Hydrogen Burns on Safety Equipment,' NUREG-1370, U. S. Nuclear Regulatory Commission, ,|
aSeptember 1989.,

| 27. U. S. Nuclear Regulatory Commission, " Technical Bases for Estimating Fission Product Behavior During .;'

'

LWR Accidents,' NUREG/CR-0772,1981.
''

28. IDCOR, " Technical Support for Issue Resolution,' Technical Report 85.2, Fauske & Associates, Inc., Burt -!

Ridge, IL, July 1985.
'

' ' '

i

29. FAI/9113, MAAP 3.0B PWR Revision 17 PWR 16.05 Changes, Attachment 9. Fauske & Associates, Inc., - h
January 1991. .;

30. Hobbins, R. R., et al.,'The influence of Core Degradation Phenomena on In Vessel' Fission Product -
Behavior During Severe Accident,' International European Nuclear Society /American Nuclear Society
Meeting on Thermal Reactor Safety, Avignon, France, October 2,1988. - ,

;

31. Epstein, M., et al., "Thermophoretic Deposition of Particles in Natural Convection Flow from a Vertical
'

.

Plate," J. of Heat Transfer, Vol. 107,1985,p.272. !

q
. ,

,t

/
,

i

a

j ..S,'

1
,

t

4

,

.A 70

:
.i,

f

. _. _-



af

APPENDIX B
'

BWR MODEL DESCRIPTIONS

J.U. Valente

.

I

1

B-1
i

l

I' |



w . y. n
-

3

.

r m
i-;y -

J' ' " .yp
,

.s .i

.

Table of Contents'

,i

e

l ..

'

BWR Geometric Considerations . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : B.3
.

'

1

1.1 . Nodalization of NSSS Thermal Hydraulics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '. . . . . . . . . . . . . B 3 - '

1.2 Nodalization of the Fuel Region . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ' . . . B.3 -'

13 H eat Structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ' B-5 . a

2 Conse rvatio n Equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : B.6 ' -

3 Convergence Criteria and Time Step Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B.8 |
.

'f

4 NSSS Heat Transfer Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B.9, .
.

.

5 Core-Materials Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B 11 -

6 N SSS. ECCS Inte rface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B.12

7 Core Melt Progression and Vessel Failure Models and Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B.12 '
7.1 Adequate Core Cooling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B 12 .

7.2 Oxidation and Hydrogen Generation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B 13 ' Lf
.

73 Fuel Failure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B.18
7.4 Core M elting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B.18
7.5 Relocation and Blockage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B.18 .

7.6 Fuel Coolant Interaction / Debris Cooling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B.19 |
7.7 Vesse l Att a ck . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-19 L _{

7.8 Ejection of Core Debris . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-20.-
'

.
.

7.9 R e cove ry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . B.21

8 BWR Containment Models and Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .u . . . . . . . . . . . . . . . . . B.21
8.1 Direct Containment Heating (DCH) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-23 ,

8.2 Steam Explosion . . . . . . ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-23
83 Core-Concrete Interaction (CCI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-25 7

83.1 Material Location and Physical Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . B.25
83.2 Heat Transfer and Energy Generation Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B.25
833 Chemical Reactions in the Debris Pool ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '. . B.26 ' ,

83.4 Gas Transport and Generation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B.26 ,

8.4 Debris Spread and Coolability ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B.27
8.5 Combustion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ; B-27 > ' *

8.6 Engineered Safety Features and Alternate Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B.29 .
'r'

Fission Product Release and Transport Models and Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .- B-30 19'
9.1 ' Classification and Grouping ...................................................B.30

9.2 Sources . . . . . . . . . . . . . . . . . .................................................B.30- 1

93 Tr ansport . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .' B .33 ;

n 9.4 Transition ................................................................. B.33
~

10 ~ R e fe r e n ces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . B.38 j
n

i

a
!

I

1,
'

i

B-2 !
!
1

I

'i

1

b. - - _ d' i
.

-



t

1 BWR Geometric Considerations

The geometry of the system modeled by MAAP consists of multiple connected regions with fixed topology. Multi-
region nodalization is typically used to represent the containment and the auxiliary building. The primary system is
modeled as a single pressure region but does contain many mass and energy nodes. Different types of BWR
containment are built into the code - Mark I, II, and III.

1.1 Nodalization of NSSS Thermal Hydraulics

The primary system has an internal nodalization structure consisting of mass and energy control volumes connected
with flow paths and heat structures. Coarse fixed nodalization for the thermal-hydraulic modelis built into the code.

Figure B.1 shows that the BWR Reactor Pressure Vessel (RPV) is nodalized into 8 control volumes representing:

L Core. i

2. Shroud Head. |

3. Separator.
4. Upper Head.
5. Upper Downcomer.
6. Lower Downcomer.
7. Recirculation Loop.
8. Lower head.

Appropriate flow paths between primary system volumes also are modeled by the code. The location of the break in
the primary system's pressure boundary is defined by the user.

The user cannot change the primary system nodalization in MAAP, but for most cases, the existing nodalization is
sufficient. Problems may arise if natural circulation with two-phase flow becomes important for the accident
sequence.

The MELCOR L8.0 code has no specific nodalization built into it and no predefined models for reactor system
components except for the core. The system nodalization depends fully on the user, and consists of general control
volumes, and flow paths. This format gives the user greater flexibility in system modeling, but also requires more
input data. The approach used in MELCOR is found in some design-basis thermal-hydraulic codes. Simplifications
deemed appropriate for severe accident analysis are left to the user, who usually chooses relatively coarse
nodalization with a few control volumes.

1.2 Nodalization of the Fuel Region

The core region has further detailed modeling so that the behavior of the reactor core can be better predicted during
and after uncovery. The existing model was developed as a simplification to obtain a fast-running code. Accordingly,
the nodalization of the core is limited to a maximum of eight radial rings and ten axial planes. Radial rings have
equal area fraction, and because the axial nodes are equally spaced, the subdivisions are of equal volume. The node
boundaries are fixed in time and do not shift to coincide with physical demarcations, such as the height of the water
and steam mixture in the coolant channel.

A further simplification of the code is the assumption of a single temperature node for the fuel-clad-channel model
The author's justification for this assumption is the anticipation that MAAP analysis will be used to predict decay
power conditions when radial temperature gradients in the fuel rods are small.

,

In the L'.VR model, a single temperature node is used for the fuel rods and surrounding zircaloy channel at each core
subdivision. Heat transfer by convection to the coolant and control blade heat sink are explicitly calculated, and a
separate energy node is used for the control blade. MAAP calculates at each core subdivision in the BWR model:
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1. The total energy in the node.
2. ne mass of fuelin the node.
3. The mass of zircaloy in the cladding.
4. The mass of zircaloy in the fuel channel segment (cans).
5. The mass of ZrO in the cladding.2

6. The mass of ZrO, in the fuel channel segment.
7. The energy in the associated control blade section.

The core model is much more elaborate in the MELCOR 1.8.0 code. Both core and lower plenum regions have a
detailed, two-dimensional (r,z) subdivision. The number of radial rings in the core and lower plenum is limited to 9
and the maximum number of axial segments is 99 (a maximum of 50 in lower plenum). These divisions define
individual core cells that are interfaced to principal thermal-hydraulic control volumes. Within each cell there are
one or more types of components: (1) fuel pellet, (2) clad, (3) canister walls (for BWRs), (4) other structures, and
(5) partlculate debris. Each component may be composed of up to six materials: (1) UO , (2) zircaloy, (3) ZrO , (4)2 2

steel, (5) steel oxide, and (6) control rod poison, which may be either boron carbide (B.C) or a silver-indium.
cadmium alloy (Ag.In-Cd). Each component within a core cell has a separate temperature node. Heat transf:r is
modeled between components, between the outermost components in neighboring cells, and from the components
and coolant. All thermal calculations are based on the internal energies of the materials. The mass and internal
energy of each materialin each component arc tracked separately.

13 Heat Structures

Primary system heat sinks are modeled as two-dimensional heat slabs in MAAP 3.0B. The number and position of
heat sinks in a BWR reactor pressure vesselis fixed and built into the code (See Pigure B.1). The user defines (x,z)
nodatintion for each heat slab. In the BWR code, the following 11 heat sinks are modeled (associated boundary
Thermal bydraulic control volumes are given in parenthesis):

L Core Shroud (Core - Lower downcomer).
2. Core Top Guide (Core - Shroud Head).
3. Shroud Head (Shroud Head - Upper Downcomer).
4. Standpipes & Separators (Separators Upper Downcomer).
5. Upper Head (Upper Head).
6. Steam Dryers (Upper Head).
7. Upper Downcomer RPV Wall (Upper Downcomer, above top of the active fuel).
8. Lower Downcomer RPV Wall (Lower Downcomer, below TAF).
9. Recirculation Pipe (Recirculation piping).
10. Lower Head (Lower Head).
IL Shroud Support (Iower Downcomer - lower Head).

' The two-dimensional model improves the predictive capability of the fixed, relatively coarse nodal 17mtion.

The heat structure package in MELCOR 1.8.0 calcdates heat conduction within an intact solid structure, and energy
transfer across its boundary surfaces into control volumes. The modeling capabilities for the heat structures are
general, and their number and position, geometric shape and nodalization are defined by the user. The heat
structure is assumed to be solid and is represented by one-dimensional heat conduction with specified boundary
conditions at each of its two boundary surfaces. The heat structure geometry could be rectangular. cylindrical,
spherical, or hemispherical. An internal spatial and time dependent power source may be spectlied for a heat
structure. The greater flexibility of the MELCOR code is an advantage when compared with MAAP, but the
MELCOR input file requires much more effort to prepare, and possibly greater nodalization because it is not two-
dimensional.
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2 Conservation Equations

. In this section, we discuss the fundamental set of equations in MAAP and compare them to MELCOR's equations,
including natural circulation. Discussion of component models, such as pumps and heat exchangers, will be covered i

in the section on the NSSS ECCS interface. |

MAAP uses the nodalization scheme outlined in the first section. Mass and energy are maintained for each thermal
hydraulic node. These equations, taken together, regulate the flow and constituents of the flow between the nodes.
There are no inertial terms in the MAAP equation set, and there is one thermodynamic pressure for the entire NSSS.
Forced flows, as opposed to natural circulation flows, are based on assuring that whatever mass flow goes into a mass
node, also comes out modified by any fluid source or sink. If the mass node is the core region, the quality of the exit .
flow, and hence, the mass split b(tween the steam dome and downcomer region, is determined by the energy
equation. Unless the vessel is flooded up beyond the separater dryer region, only dry stream is allowed to enter the
steam dome. However,in simple terms, the mass equation is solved with feedwater fills and steamline flow or leaks.
Distribution between regions is based on thermal hydraulic circuits which are hard-wired into the code.

This formulation lends itself to a fast running code, which will monitor changes in flow at the vessel inlet and outlet, -
with the conse.guential effects on core cooling and core coverage. Being a source-term code, vessel inventory and fuel
cooling are of prime importance during the early accident time phase.

For the primary system regions, MAAP is, essentially, a homogeneous equilibrium model (HEM) code. However,
the user does not directly specify the mass inventory of the Reactor Pressure Vessel (RPV). Instead, the code
determines a core inventory based on a void fraction calculated from inlet exit mass flows and energy generation. A
drift flux model is used to determine both the core region's average void fraction and boiled.up water level.

To determine heatup of the fuel node, the code initially assumes that the nodes are covered and that all the fuel is at
the coolant's saturation temperature. This state holds true until MAAP calculates that the collapsed water level
outside the core shroud falls below the Top of Active Fuel (TAF). Once this occurs, MAAP begins to examine the
energy balance of each fuel node, considering Zr oxidation, convection, radiation beat transport, and counter current
flow for quenching. However, the assumption of a lumped single-temperature fuel-clad-cht.unel parameter remains.
This assumption may have two limitations: underprediction of clad temperatures when the Zr H O reaction is strong,2

and unrealistic estimates of the energy stored in the fuel and the resultant clad temperature, following node uncovery
during an Anticipated Transients Without Scram scenario. The MAAP model does not release fuel stored energy
until scram has occured.

MELCOR has a different modelling approach. Although it also lacks a multifluid slip model outside the core region,
it allows the user to determine the number and location of the control volumes. MELCOR's cortrol volumes solve
the mass, momentum, and energy equations, including inertial effects. While the number of volumes can be much .
greater than the fixed regions of MAAP, the number is restricted by computational time.

These differences between MAAP and MELCOR can effect the prediction of some phenomena. Further, having a
model which allows for different saturation temperatures throughout the RPV when flashing is possible can result in
more accurate predictions. These differences in the models can be examined using the example of a station blackout.
MAAP, with one state pressure throughout the vessel, might exhibit flashing in the lowcr plenum, with accompanying
added steam flow into the core, whereas MELCOR might exhibit flashing only in the upper downcomer region.
These differences could result in different predicted coolant flow rates to the core, with corresponding differences in
core heatup and H generation.2

During a station blackout, after scram, the vessel inventory will tend to equilibrate in temperature. The actual
response will depend on the operator's action in supplying inventory makeup. The operator should attempt to
maintain a stab!c water level in the vessel with RCIC, but if that was not possible, then HPCI may automatically cycle
between L2 and L8 (low and high RPV water levels). Therefore, when the safety relief valves (SRVs) are opened
either due to high pressure or because of a forced operation brought on by the Heat Capacity Temperature Limit
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(HCTL), one might observe a more accurate stratified or layered flash in MELCOR. The effect of this response
would have to be reviewed in terms of vessel inventory and clad temperatures.

|In the case of SRV actuation to prevent overpressure, the codes differ in the choking model used at saturated
conditions (MELCOR using Moody; MAAP using Henry-Fauske), but these codes can be made nearly equivalent by |
the choice of contraction coefficient or flow area. |

A concern may lie in the amount of mass which must be passed to allow rescating of a SRV. The quality of the flow |
Ipassed by MAAP and MELCOR also should be reviewed. Whereas, MAAP is primarily HEM, it will pass only

steam through the SRVs provided that the water level is below their elevation (perfect separc. tor and dryer efficiency
model function). Indeed, MAAP handles only single phase flow. On the other hand, MELCOR also does not have a
slip model but it gives the user the option to have an atmosphere first flow junction. This option requires transport
of all steam or atmosphere first before liquid. However, this protocol can also lead to problems, because there
probably would be some m; carryover through the SRVs and the blowdown inventory ratio quickly climbs r.s
quality decreases. The use of NELCOR's separated flow could underpredict inventory loss. For MAAP and
MELCOR, the same amount of energy would be required to boil-off the equivalent amount of liquid. Prov'ded that.

the pressure used in MAAP is appropriately weighted for mass, and all other things are equal, MAAP a'uould pass
the same amouat of mass to handle the pressurization as MELCOR. In this case, MELCOR must be configured to
pass only steam through its SRVs. However, all things are not equal.

In term. lad temperature, there may be no immediate concern while inventory makeup is available. Once this is
lost and tL rater level has dropped to the bottom of the core, it is likely that both MAAP and MELCOR will
predict lower plenum flashing duriag SRV opening. How the codes predict this flow split may be different.' Because
of MAAP's hard-wired flow circuits, all this flow may be forced into the core region, while MELCOR may direct
some lower plenum inventory up through the jet pumps, which could have an effect on core cooling after the vessel
inventory drops below the core. MAAP.mjty overpredict the time before clad heatup during this plv e, although the
time difference may be very small and unimportant for some scenarios. The water left in the lower downcomer after
vessel melt through can have a strong effect on fission products retained in the vessel, however.

Considering clad failure, the fluid model for MAAP allows a two-phase, core-covered height to be determined, using
the drift. flux model. MELCOR calculates a two-phase pool region, but with a bubble-rise model where bubbles'
density distribution and rise velocity are supplied by the user. MAAP also allows for different two-phase heights
among the radial core zones. Also, MAAP calculates the rise in gas temperature up tiuough the axial core while
MELCOR uses a dz/dt approximation (what appears to be a linear averaged axial gas temperature) in the core
control volume.

Three related items in a slow boil-off scenario can be compared. First, because MAAP lumps the fuel and clad
together, it may underpredict the onset of clad failure. Now, this can be sdjusted by the temperature input for fuel .

failure chosen by the user. Second, although MAAP calculates energies from the Zr-H O reaction, it does not track2

steel oxidation. This energy may be substantial for the control blades, which are steel tubes filled with boron carbide
all in a steel cruciform sheath. However, before clad damage (at approximately 1700*F), there may be little
oxidation of steel. Oxidation becomes important at higher ternperatures. Thirdly, MAAP uses the blades as a heat
sink to store and relinquish heat energy to the fluid but not to generate heat, though it does keep track of blade
temperature. With the current concerns'over loss of reactivity control, MAAP should incorporate a model to allow a
user option for recriticality based on a loss of control material MELCOR's model does not do this, but it is in'a
better position to incorporate one because it already determines the melting and relocation of control blades. Recent
revisions to MAAP now allow for the relocation of the blade material based on a separate temperature.

Natural cirentation flow in the primary system is an important means of mass and heat transfer that can alter a
severe accident sequence. TN impact of various modes of natural circulation is important during different periods of
a severe accident. The natural circulation of the primary system before dryout, during a sequence with loss of forced
circulation, determines core cooling in the primary system and influences the time of core uncovery. The natural
circulation of gas between the core and internal structures of the RPV upper plenum could remove a substantial
amount of energy from the core region during the period after dry-out, and could influence the time of core melt.
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Because MAAP 3.0B does not have a momentum equation which can handle natural circulation phenomena,
additional models were introduced into the code to simulate the most important modes of natural circulation in the
primary system. Two modes of natural circulation are represented:

L RPV natural circulation consisting of three loops.
2. Shroud head - Standpipe natural circulation.

In both models, natural circulation flow is calculated using a quasi-steady momentum balance along predefined loops.

In the RPV material circulation mode, there is a detailed model for natural circulation of gas (FLOW) and a very
simple model for two-phase natural circulation of water. The latter is based on a manometric balance between
collapsed levels in the core and downcomer (JPFLOW). This loop consists of the lower head, core, shroud head, and
downcomer. The natural circulation flow of gas is calculated in the same way as in the PWR primary system except
for the different nodalization, that is, it calculates the average gas temperature in PTCAL by lumping all the control
volumes together. Local region gas temperatures and flows are calculated in the subroutine FLOW using quasi-
steady momentum balances over predefined flow loops and an ideal gas equation of state. There are three flow
loops: (1) core shroud head-standpipes and separators-upper head-upper dowucomer lower downcomer-hyper lower
head core (2) standpipes & separators upper head-upper downcomer standpipes and separators, and (3) lower
downcomer-recirculation loop-lower head-lower downcomer.

The coarse control volume mesh in MAAP 3.0B does not allow the natural circulation loop in the RPV to function if
water is present in the lower part of the RPV. In that case, the thermal coupling between the core and the internals
of the upper plenum is unrealistically Icw. Therefore, an additional model for natural circulation between the shroud
head and separators region was introduced. It is assumed that the flow area is divided equally among up and down
flows. Flow is calculated using a steady-state momentum balance, in which the gravity head is equated to the friction
and acceleration prc.ssure drop. If unidirectional flow calculated in subroutine FLOW is larger than this natural
circulation flow, or if the water level is above TAF, natural circulation flow is set to zero.

There are no special models for natural circulation in MELCOR L8.0. However, because the topology of the control
volume and flow paths is flexible, and multiple flow paths between control volumes are allowed, the user can model

r

natural circulation phenomena during a severe accident. The one-dimensional momentum equation that is solved in
MELCOR for a flow path network has gravitational heads included, in which the internal volume structure also is
accounted for. This equation is expected to give good results for a simple simulation of one-dimensional natural
circulation. Hov ver, the results depend on user specified nodalization, and modeling of multidimensional counter-
current natural circulation during the severe accident can be only roughly approximated.

3 Convergence Criteria and Time Step Control

Because there are no inertia terms, one might classify MAAP as quasi-steady. In many cases, MAAP smooths a
change in a parameter over several time steps, thus, in a way, simulating inertia effects. This leads us into a review
of the methodology for time step selection. "the user selects a maximum and minimum time-step in MAAP. In
addition, the maximum allowable rates of change for mass, temperature, and pressure are supplied by the user.
MAAP then calculates the rate of change of these parameters in two ways; instantaneously, based on the present
values and governing equations, and averaged over a code selected time step. The code picks the smaller absolute
change predicted by these two methods, then compares these to the allowable change and, if the criteria for rates
supplied by the user are met, uses the chosen size for the time step. If not, the code begins to adjust the size of the j

time step until the rates criteria are met. The documentation supplied with MAAP does not identify how the code
'

chooses the initial time step when it performs its averaging (referred to as " prompt approximation *). Also, real i

oscillatory flows will not be predicted by MAAP (such as those produced by valve closings), just long-term trends. i

MELCOR does not solve the three conservation equations simultaneou ly, but solves the momentum equation byi

velocity it'eration and meets a hard-wired coded tolerance for velocity and pressure (9 percent for velocity and .05
percent for pressure). Smaller time steps are chosen to meet this tolerance. MELCOR's authors have called these
steps subeycles. The outer iteration then is the solution of the mass and energy equations using the selected
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velocities. Convergence again is determined, after a check to see that the equation of state pressures for each control
volume obtained in this outer iteration agree within a hard-wired coded tolerance with the pressures calculated in the

)velocity subcycle calculation. If they do not, ultimately the momentum equation will be solved again with a tighter
time step size. Once the time step has met the requirements for conservation solution consistency, the variation of |

pressure and temperature over this time step is checked and must meet a tolerance of less than a 10 percent change
j in pressure and less than a 20 percent plus 1K change in temperature; again, all sequences are hard wired.
!

| From these descriptions of MELCOR and MAAP, MAAP seems to offer greater user control. The method for |

variable rate control employed by MAAP needs better documentation in the manual, however. MAAP uses a j

different solution technique than the one explained for MELCOR. Although MAAP determines rates of change of |

key variables, there is no consistency check between something like an inner and outer loop on pressure for each
j

control volume because only one pressure is used in the primary. Instead, once the time step is determined, based
ji

|
on a given estimate of the rates, MAAP determines the flow through the different flow loops (there are three closed
and three open loops), and the change in pressure from the equation of state. The change in temperature is ,

calculated from the known energy sources and flow rates. The equation set in MELCOR is far more ambitious
j

because of the inclusion of inertia and tracking of pressure terms in each control volume. The need for accuracy is J

discussed elsewhere; the need for stability was our present concern. ]
-)

DNL is concerned with MAAP's ability to model any real oscillations. LOCAs and simple transients may present no j

problems, but with the possible complexity of EOPs (Emergency Operating Procedures) the MAAP model may be
:

cause for concern. For the scurce term representative sequences, and for establishing success criteria, MAAP's ;

approach may not be :ufficient.

4 NSSS Heat Transfer Package

The energy balance in the NSSS requires models for heat transfer through the primary system's heat structures and
between heat structures and the fluid that could exist in the primary system during postulated accident sequences.
Since the magnitude of radiological release and ~the transport and deposition of fission products depends strongly on
the temperature of the primary system, adequate heat transfer modeling is necessary for a source term code.

.

Heat conduction is modeled in MAAP 3.0B in the form of two dimensional, rectangular heat structures (the semi-
infinite slab approximation). The primary system heat slabs are nodalized using equally spaced mesh. An implicit
finite-difference iterative method is employed to solve the non linear two dimensional heat conduction equation. If
the structure's height is more than ten times its depth, axial heat conduction is ignored.

MELCOR 1.8.0 uses a fmite-difference method to solve a one dimensional heat conduction equation in rectangular,
cylindrical, spherical, and hemispherical heat slabs. Temperature nodes must be located at the boundary surfaces and
at interfaces between different materials, and they may be arbitrarily located within individual materials. Each
surface has one of the following boundary conditions specified by the user:

1. Symmetry (adiabatic).
2. Convective with calculated heat-transfer coefficient.
3. Convective with calculated heat-transfer coefficient and a specified surface power function.

4 Convective with specified heat transfer coefficient function.
S. Specified surface-temperature function.
6. Specified surface heat flux function.

The convective heat-transfer coefficient is based on associated control volume thermal hydraulic conditions.

An extremely wide range of multiphase heat-transfer regimes may be encountered in the core of reactors. The
common way of predicting heat transfer in thermal-hydraulic analysis is by using a set of semi-empirical correlations
developed for each convection regime that is expected in the primary system. An appropriate fluid flow model also is
required to determine the heat-transfer regime.

,
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The coarse-control volume nodalization and simplified fluid-flow model used in MAAP 3.0B gives only a rough flow-
regime differentiation. Therefore, the convective heat transfer package is small and covers only basic types of
convection.

The heat-transfer mode is determined only by the level of the staam/ water mixture in the coolant channel and the
location of the quench front,if the core sprays have been activated. The result is general heat transfer cases that may
apply to an individual node in the core region. If more than one case applies for an individual node (partially covered
node), separate heat transfer coefficients are calculated for each part of the node, and the results are averaged by the
length fraction that corresponds to the individual heat-transfer case. The different heat transfer cases are represented
in the following:

1. Covered Node: For a node which has never been uncovered, it is assumed that its temperature will
follow the temperature of the water pool. This assumption implies an infinite heat transfer coefficient.
If a node has been completely uncovered and becomes recovered, a possible temperature gradient-
through a steam film is assumed. A constant film boiling heat transfer coefficient specified by the user
calculates the heat-transfer resistance. When the temperature of a recovered node falls to within 10K
of the pool temperature, the node status is changed to never uncovered and an infinite heat transfer
coefficient is assumed.

2. Uncovered Node: A convective heat transfer coefficient in an uncovered node is calculated using the
Dittus Boelter correlation if the gas mixture flow is turbulent (Re > 2000). For laminar flow, a constant
Nusselt number is assumed (Nu=3.7).

3. Ouenchine and Quenched Nodes: After activation of core sprays, the heat-transfer characteristics of an
uncovered node is influenced by the movement of the quench front. The rate at which spray water flows

*

downward is derived from a counter-current flooding limitation with K = 3.0 (K is Kutateladze
number). After the quench front has passed through a node, an infinite heat transfer coefficient is
assumed.

For the control-blade heat sink, a constant heat transfer coefficient is specified by the user. In the covered and
quenched portion, the heat transfer is augmented to maintain the temperature of the blade at the saturation
temperature.

Convective heat-transfer from the heat structures in the primary system to the liquid and gas in the primary system is
'
,

calculated using different correlations for forced and for natural circulation. For a covered node, the code uses the
Dittus Boelter correlation if the primary coolant pumps are running, and a natural circulation heat transfer
correlation recommended by McAdams when the main coolant pumps are tripped. To avoid numerical instabilities,
MAAP limits the heat-transfer coefficient to half of the value required to equilibrate the water and the heat sink
temperature in one time step.

If the node is uncovered, a combined convective and radiative heat transfer coefficient is calculated. The former is
'

given as an average Nusselt number. In the case of natural circulation, the Nusselt number is correlated as a
function of the Rayleigh number. The correlation parameters depend on heat transfer surface orientation and

E Grashof number. For forced convection, the laminar Sieder-Tate Correlation is used for Reynolds numbers less than
2000, and a minimum Nusselt number of 2 is assumed if the Reynolds number is near zero. For Reynolds numbers'

greater than 6000, the Dittus-Boelter correlation is used. When the Reynolds number is between 2000 and 6000, an
exponential interpolation between the laminar and turbulent correlation is used.-

.

As with most of the other phenomena, heat transfer is treated separately for the reactor core versus the other heat
structures in MELCOR 1.8.0. The detailed COR Package calculates the thermal response of the structures in the
core. The Heat Structure Package (HS) models the behavior of other heat structures, including the core shroud and
upper plenum heat structures. All important heat-transfer processes are modeled in each core cell. However, since a
simplified thermal hydraulic model is used inside the core cells, detailed 671 uentiation of convectwe heat-transfer
modes is not possible. The MELCOR model has correlations for forced bainar and turbulent flow and natural
circulation. For liquid covered components, simplified boiling curves calculate the heat transfer coefficient. Most of
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the constants used in the MELCOR correlations have been implemented as sensitivity coefficients, thus allowing the
user to change them.

In MELCOR, the heat-transfer model from the heat structures of the primary system has more convective modes.
These are tied to the thermal. hydraulic conditions in control volumes. This heat-transfer package is very similar to
those used in ' design basis" thermal-hydraulic codes.

For an accident involving core uncovery, radiative heat transfer is important. The typical radial power profile in a
LWR exhibits a significant reduction in power generation in the outer core region, which translates to a large radial
temperature gradient representing a large potential driving force for radial radiative heat-transfer in the core. An
approximate radial radiative heat-transfer model is incorporated in the MAAP/BWR code, which compares favorably
with more detailed calculations. The model uses emissivity factors of one. Only fuel pins and channel walls are
considered, and conduction heat resistance is considered only through the cans. The emissivity assumption allows
more radial heat. transfer than can actually be transferred. On the other hand, the view factors are one to the
adjacent nodes and zero to non-adjacent nodes, which reduces the radial transfer of radiation heat.

The radiative heat transfer in the MELCOR core package is more mechanistic. Thermal radiation among
components within core cells, across cell boundaries, and from components to steam is modeled as exchange of
radiation between pairs of surfaces with an intervening gray medium. The surface emissivities are calculated for
different components as a function of temperature and oxide thickness. The view factors used in the model are
implemented as user specified parameters.

The heat transfer coefficient for radiation between the surface of a RPV heat structure and gas is calculated in
MAAP 3.0B using emissivities specified by the user and the gray gas model. In MELCOR, two options are available.
The user can choose between an equivalent band model or the gray gas model. The emissivities are calculated as a
function of gas composition and radiation path length, which are user specified.

5 Core-Materials Package -

>

Most of the important differences between MAAP and MELCOR in the core materials package . c closely related to
the way the core and melt progression are modeled. As noted in Section 2, MELCOR has a mot detailed model
for core geometry (fuel pellets, gap, clad, channel, and control blades) than does MAAP. For this uson in
MELCOR the core's material properties, such as the melt temperatures of the pure substances, are included.
MELCOR tracks solid core debris with that which melts.

MAAP follows the temperature of the core with the fuel-clad channel as one temperature, and that of the control
blade as another. The user supplies a fuel damage temperature and a fuel melt eutectic temperature. The default
value for the fuel damage temperature in MAAP has been changed to 1173K, while that for MELCOR is 1200K,
both these values are close to estimates of fuel damage for BWR prepressurized fuel.

In the BWR version of MAAP clad ballooning is not modelled; however, MELCOR allows the user to construct a
model which is used primarily for H: generation. MELCOR's core thermal hydraulic model does not allow
segregation of the coolant at the core entrance to the channeled fuel assemblies as MAAP does, so ballooning will

. not affect the distribution of core entrance flow among the core radial regions. However, the pressure drop in the
core would be increased by the reduced flow area. MAAP can be corrected to account for the effect of the '
ballooning area on the surface area available for H generation through an input parameter which allows . .

multiplication of the available surface area for Zr oxidation. However, this change would be applied to all fuel clad
surfaces and not just to those ballooning. Because clad strain is also a function of heat-up rate and not just
temperature and pressure, the user will have to estimate this input parameter carefully.

The core-materials package in MAAP would appear to have sufficient tuning parameters to estimate the uncertainty
in in vessel hydrogen generation. However, the lack of a steel oxidation model during this phase is a deficiency which
is discussed in Appendix F of this report. Still it may be satisfactory to estimate the uncertainty in hydrogen
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generation based on sensitivity runs which exhibit the differences produced by varying the reactive surface area of one
material.

'6 NSSS ECCS Interface

p' The ECCS modeling capabilities in MAAP are flexible. Not only does the code handle nearly all the normal modes
of ECCS operation, but it can simulate reconfigured modes of operation, such as the following:

1) Placing the HPCI or RCIC unit in the test mode to control reactor pressure, which can be simulated by
3

| appropriate modelling of the turbine steam flow and pump flow curves.

L
'

2) Using the fire water system in place of the service water system when operating the RHR in the Steam
| Condensing mode, which is simulated by a combination of modelling the RCIC system characteristics and

RHR suppression pool cooling mode. This configuration maintains RPV inventory while removing the
appropriate amount of steam from the RPV and still not overly heating the suppression pool water,

if a simulation is required of both normal and severe accident modes of ECCS operation in a single study, the
turbine steam flow and pump characteristics in MAAP must be altered by the code user in conjunction with a change
in parameter input. In MAAP, although RPV injection flow is affected by the vessel pressure, containment sprays
are unaffected by containment pressure. This is realistic for normal ECCS spray operational modes, which take
suction from the suppression pool, but may result in modeling difficulties when attempting to align a fire pump in a
containment spray mode. Otherwise, MAAP's ability to model pump shut off heads is good.

Another area of consideration is NPSH (Net Positive Suchtion Head) and related topics, which are concerned with,
modelling of two-phase flow in pumps, especially during EOPs (Emergency Operating Procedures), which bypass
CST (Condensate Storage Tank) to Suppression Pool transfer or the use of containment venting. As an example,
NPSH requirements for HPCI can be modelled by setting a turbine trip of the HPCI turbine, based on a pre-selected
Suppression Pool temperature, when the system's source of inventory is from the pool. This action would trip HPCI
by an automatic trip. If HPCI had been manually actuated, the user could employ the operation intervention cards i
using the codes for pool temperature or pressure, and manually turn off HPCI. A similar ability would be desirable j

for the local ambient-temperature trip of HPCI (set at approximately 150*F). However, this ability is not available. )
This type of local trip is not unique to HPCI A general work around for the user is to stop execution on time and -|

manually trip the system after examining the conditions. This approach could be taken if there was sufficient physical j
parameter intervention logic. Howner, with the exception of the lack of operator intervention condition codes for j

the reactor building or secondary containment, MAAP covers most of the parameters tracked by the operator during 1{
severe accidents and covered in the EPGs. !

MAAP assumes what the power source is for (ifferent systems, and when that source is lost, it will shed all of its
'

system loads.

in general, MAAP has a user-friendly ard very versatile control and trip system, which should allow effective !

simulation of system operations during normal conditions and severe accidents. MELCOR modelling of engineering
safety function is based on the use of control block modules. Even pumps are modelled using control functions.
Probably, most ECCS functions could be modelled with MELCOR, but it is much more laborious than MAAP. The
control input of MELCOR can get very large.

7 Core Melt Progression and Wssel Failure Models and Analysis

Table B.1 compares the MAAP and MEI a n odels for the Core Melt Progression (CMP) phase.m

7.1 Adequate Core Cooling

The onset of fuel failure is brought about by the loss of adequate core cooling. In a design sense, this is usually
defined to mean alropping the two-phase coolant level below the top of the active fuel; however, it is possible to have
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sufficient steam cooling of some upper regions of the core so that even the onset of pin perforation failure (around
1600*F) would not occur. The latter is a function of the core's power profile in a natural circulation flow domain.
As was discusssd in Section 3, MAAP predicts a two phase level for each of its axial core channels. Those regions
which are above this level are considered uncovered and MAAP will determine the temperature of the gas (steam) as
it travels further up the channel. The temperature of the fuel then is determined from the temperature of the
surrounding gas and a known core cell power. MAAP can predict mass flow rates through the core using hydrostatic
pressure differences between the inner and outer core shroud. Interestiegly, MAAP 3.0B includes a simulation of
counter current flow for its control volume arrangement by allowing the separator region to have simultaneous
upward and downward flows with the shroud head region that lies below (see Figure B.1). Heat transfer properties
and flow rates are affected by MAAP's calculation of hydrogen generation and mass distribution.

There are some major differences between MAAP and MELCOR. In MELCOR if the core is represented as two
fluid volumes, lattice fuel region and the bypass region, a uniform pool height will be obtained for all the core fuel
regardless, of the number of fuel cells employed. The dT/dZ algorithm takes over above the pool atmosphere
interface and performs an energy balance on the gas as it travels up a given core channel. Thus, MELCOR can track
the gas temperature axially as MAAP does, but the transition between two phase and gas flow is channel-specific in
MAAP but not in MELCOR. Thus, MELCOR could underpredict the fuel temperature in the botter channels, and
overpredict the time before fuel failure. However, MELCOR tracks the cladding temperature differently for the fuel
and zircaloy channel, a feature that can become important for transients where fission power still allows for a
pronounced temperature gradient in the fuel pin, or when clad oxidation is rapid. MELCOR uses these separate
component temperatures to aid in predicting material melting (Section 5.3).

A natural circulation path can be set up with MELCOR between the upper vessel's internals and the shroud head,
but this would necessitate the addition of more control volumes than is normally used (Figure B.2).

Based on this discussion, one might expect MAAP to predict the beginning of fuel beatup sooner than MELCOR
during the boil off phase of an accident which has insufficient vesselinventory makeup. The single core pool level
estimated by MELCOR is an averaging tool. The greater nodalization of core components in MELCOR should be
helpful in fast uncovery accidents, and in those which include fission power and recovery estimates. The MELPROG-
TRAC study [1] pointed out the importance of modeling natural circulation. MAAP has added a model for heatup
of the upper internals, and, in theory, MELCOR gives the user the flexibility to add whatever loops are wanted.

7.2 Oxidation and Hydrogen Generation

Three major items are discussed in this sectiom the material tracked for oxidation, the rate equations for oxidation,
and the surface areas exposed to oxidation.

MAAP only follows Zr oxidation, using Je Cathcart equation below 1850K and Baker Just above this value. MAAP
does not alter the surface area exposed to oxidation during the relocation process [5]. MELCOR follows both steel
and Zr, using the Urbanic Hendrick study for Zr [6). The surface available for oxidation is altered during relocation.
From the documentation, MELCOR alters the active surface for molten (conglomerate) debris. This debris contains
Zr. There are no major differences in the Zircaloy oxidation rate equations; however, the lack of a steel-oxidation
model in MAAP is of concern. This is because a MELPROG TRAC [1] study found that high temperatures may be
experienced by the steel upper vessel internals. Also, we discussed in Chapter 2 our concern about the steel
cruciform control blades and the potential for recriticality if recovery is attempted after loss of control material.

With the MAAP model, the user may be able to examine the uncertainty in the H: production and heat generation
due to oxidation by using the two-side clad oxidation muhiplier and bypassing the full channel melt blockage model

However, this cannot be accomplished and still leave a match between MELCOR and MAAP for steel and steel
oxide leaving the vessel when it is breached. To illustrate the difference between the heat of reaction frem steel

~

oxidation vs that of zircaloy, MELCOR gives, at a reference temperature of 1500K, a value for energy release of 6.43
x 10' J/kg of zircaloy reacted and 6.45 x 10' J/kg for steel [7]. We note that zirconium has about twice the atomic

,
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Table B.1 Melt Progression Model Comparison

..

Adequate Core Coeling Oxidation & 11, Generation Fuel Failure
~

sm _

MAAP Different two-phase fluid Zr oxidation only No gap release model

3.0B heights can be calculated for
each axial channel Cathcart i 1850K Fueliailure is due to eutectic

!melting temperature being

Single lumped parameter Bakerdust > 1850K reached and this is user supplied

temperature model
Channel Blockage Option

Separate natural circulation
paths have been added Checks for steam starvation

Shroud head and standpipe Checks for amount of Zr remaining which is

separators form flow loop unoxidized [licatup p.17]
with h standpipes used for
upflow and the others User surface multiplier available could be
dosmflow, used for two sided clad oxidation.

Areas for oxidation are unaltered by melt
progression [ Answer to Question 26 May 22

RNNG)n

MELCO'rt core nuid control volumes steel, Zr oxidation Material temperatures are

g overlaid by multiple core tracked to determine melting

energy cells which yield Urbanic-Ilcidrick oxidation model for 2r
When the unoxidized metaldifferent temperatures for

each tore component and in-ver. sci steel oxidation thickness reaches a user supplied |

melting temperatures for value or melting temperature, j

. each material in a For particle debris it uses a user supphed the intact component fails.

component. particle size (COR RM-54)) When the clad fails, any

unoxidized solid metal (if failure

Poollevelis the same for all For conglomerate debris (molten material) was due to thickness) beconnes

axial channels in a fluid uses coated areas part of the particulate debris.

control mlume [p.33 of COR-RM)

Temperature of core A solid material transport option

cornponents are effected by is available. This allows solid

a (T/dZ algorithm which material which has not reached !

allows atmosphere the above criteria, to be

temperature to increase transported with molten material

axially [p. 49 of COR RM]

Natural circulation can be Gap release due to either user

modeled in the vessel by use supplied failure temperature or

of multiple control volumes loss of intact fuel geometry

* Note JCOR RM = COR module reference manual.

B-14



l
|

I
|

Table B.1 Melt Progression Model Comparison (Continued)

Core Melting Relocation Fuel Coolant Interactions /
Debris Cooling

__

MAAP Eutectic Melting default Molten material can travel one axial cell per Convective heat transfer is permitted

2500K time step between molten corium in a core node to

[p.18, IIcatup) any coolant, but heat transfer coefficient is

No axial core heat transfer user supplied

It is possibie that hydraulic pressure from [QCONirr)
Control blade eutectic upflowing steam will prevent molten
melting temperature of material from slumping downward. Under Relocation geometric effects on heat

1300K these conditions steam flow will continue transfer are not considered

Axial heat transfer only in lower tic plate fails when lowest core node
a channel of molten corium becomes fully molten

MELCOR Material Melt Defaults Conglomerate material has melting and Relocation effects flow and heat transfer
freezing rates calculated and can occupy surfaces for particulate debris. User

SS .1700K interstitial volume supplies a particle spherical diameter

SS oxide .1870K Relocation of molten debris is through a Conglomerate debris does not effect heat

candling model transfer model presently [p. 50 of COR.

Zr . 2098K RM), however,it does effect material
particulate solid debris material can be volume of core cell fluid volume and

B.C.2620K formed when hence level and pressure drop [p. 47 of

COR RM)
ZrO . NK . structure can no longer support it

3

UO . 3113K or

Axial and radial core heat . solid material transport option is
transfer employed

Relocation of solid debris is by graviry

tower tie plate fails when temperature
reaches a user supplied failure temprdi re

m

F
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Table 11.1 Melt Progression Model Comparison (Continued)

Vessel Attack Cost Debris Ejection Recovery

MAAP Flow of molten debris to lower plenum Molten material ejected with the MAAP is able to distinguish

is constrained by either heaviest material first between quenching from above vs

[VFAIL] reflooding from below

1) Velocity of steam leaving the
region liydrodynamic flow

2) Velocity no greater than that which
would release all molten material
to plenum in ona-time step

(FLOWCP)

Molten corium on upper control rod
drive support goes to heating any
water in the lower plenum

Molten corium in lower control tod
support goes to heat a head
penetration which will fail when it
reaches user supplied temperatures

User supplies initial vessel hole size
and maximum ablated size

MELCOR Particulate debris falls by gravity to Detailed two option model No quenching model

lower head
1. All debris in bottom axial segment Areas for heat transfer and cooling

Conglomerate debris will candle on are ejected are effected by relocation of debris

support structure such as control rod
drive supports, and if these are already 2. From the bottom axial segment eject
melted of unavailable, the
conglomente debris will candle onto Molten steel, Zr and UO

,

particulate debris
Steel oxide and control poisons

Detailed 1 D heat transfer failure due available multiplied by steel melt

to meltings,t loss of yield strength fraction
minimum thickres,qI control logic for
failure supplied W nser Z:O: and solid UO: available

multiplied by tirealoy melt fraction
The lower head hat . smperature
nodes. When inner node reaches Defore ejection is permitted the

failure temperature then ejection can following constraints must be met: A

begin and ablation is possible. When total molten mass of $000kg or melt

outer node reaches failure fraction of 0.1
temperature, entire cell area becomes
flow area flydrodynamic flow

|
|

|

|

4

|
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weight of iron and also, that close to the melting temperature of steel (=1400 C) iron's oxidation rate can be greater
than that of zircaloy [7).

7.3 Fuel Failure

MAAP uses a very simple fuel-failure model. First, although MAAP has no gap release model, the user supplies a
fuel-damage temperature (default = 1200K). At this value, fission products begin to be released from the fuel
materials. Then, to handle the loss of an intact fuel geometry, a fuel-failure temperature associated with a U-Zr-O
cutectie melt temperature also is supplied by the user. When it is reached, this temperature starts the melting of the
fuel and its relocation.

MELCOR uses a minimum thickness criteria for the unoxidized metal in the cladding or a failure temperature for
fuel failure. The thickness value also is supplied by the user and is based on the loss of structural support. Hence,
when this value is reached, relocation of solid or particulate debris begins. As applied to the cladding, the thickness
of the zircaloy wall can be reduced by oxidation. If melting has occurred, MELCOR has a user option to include the
transport of some of the solid material with the molten material (conglomerate debris). Gap release of fission ,,

'

products can be accomplished by exceeding clad damage temperature given by the user [9], or when the fuel loses its
intact geometry.

The first effect of clad damage is the release of fission product gases. A fuel damage temperature is used in both
codes to indicate the onset of clad damage. MELCOR, unlike MAAP, has a gap release model. That is the gap acts
as a reservoir for storing gases before the cladding is damaged. MELCOR's damage temperature is measured
against the clad temperature node itself. MAAP uses the fuel-clad-channellumped temperature node. MELCOR
has a fuel to-clad gap conductance along with the ability to allow the user to alter its value during the heatup phase.

Fuel relocation affects the core's geometry, mass and the energy source distribution. Once fuel failure has occurred,
the energy source from decay power will be .edistributed in MAAP. If the channel flow-blockage model is chosen,
and the necessary conditions have been reached so permit blockage, steam starvation and the loss of H: generation in
that axial channel will occur. With relocation of the hot corium, attack on the lower tie plate and vessel will begin.

In MELCOR, clad relocation will begin at .iad failure, or melting temperature. At fuel failure the transport of
particulate or solid debris begins ala.g with its effects on geometry changes.

7.4 Core Melting

The entry condition for core melting in MAAP is the cutectic temperature supplied by the user (discussed in Section
73). MELCOR allows separate melt temperatures for each material in each core component; each component has
its own temperature node. Molten debris is called conglomerate debris in MELCOR. Neither code has a
mechanistic Zr U O mixture model as will be the case in the next version of MAAP [10] (the MELCOR revision 1.8
documentation states that this will be incorporated). Table B.1 shows the default values used by the codes.

The use of Zr U O mechanistic mixture modelling is preferable to the simplified approach described above.
MELCOR allows greater user flexibility in representing the melting and freezing phenomena along with the resulting
location of the core materials before and after vessel breach. Preferential solidification or removal of core debris
from the corium flow during failure of the vessel will affect the response in the containment. Recovery success also
will be affected by material melt characteristics since they will affect heat transfer and flow properties.

7.5 Relocation and Blockage

Debris relocation can alter heat sources, and change heat-transfer surfaces, flow areas, and oxidation surfaces. As
debris relocates,-it can cause flow blockages and displace water.

MAAP has a relatively simpla relocation model. Relocation begins when the cutectic melt temperature is reached.
The debris will relocate only as a molten material except when the vessel head fails. The debris moves downward,
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moving only one axial cell in a time step. At each time-step, the relative amounts of molten and solid material are
determined by assuming thermal equilibrium. This assumption is simplistic. Heat transfer would determine how
much of this flowing molten material would frecze, and it might be possible for greater relocation. It is possible for a
node to become frozen solid;in which case. If a channel blockage model option is chosen by the MAAP user, the
code prevents any further steam flow, and oxidation also is prevented in the fuel axial channel. When the lowest
node in the channel becomes fully molten, the lower tie plate for that radial ring fails. The molten corium
throughout the core then enters the lower plenum. When the material remaining in the core region drops below a
fraction specified by the user, (all relocatable core material remaining in the core region) will exit the vessel along
with the core material which is in the lower plenum at the time of vessel failure. Present default for this parameter

is 0.1 or a core melt fraction of 90%

In the MELCOR relocation model, the rate of downward flow is governed by thermal hydraulic considerations and
the modelincludes a heat-transfer coefficient supplied by the user to determine the freezing of the relocated molten
material. Besides conglomerate debris, MELCOR calculates solid debris, called particulate debris, which is created
when the structural support for the solid material is lost. If the core melts at the midplane first, and fuel failure
occurs in a center cell node, all the fuel above that node may also be relocated provided there is sufficient free
volume available in the receiving nodes. If the receiving node is fully evacuated of fuel, and the nodes above are not
damaged, they will all move down in a step fashion.

MELCOR has detailed algorithms to describe how these two types of debris can occupy free volume spaces. The
particulate debris relocates by gravity; the solid debris particles can fill any unoccupied free volume.

Molten material also can occupy such free volume plus a volume called the interstitial volume which cannot be
occupied by solid debris. This interstitial volume is controlled by the user by means of porosities.

Flow blockage is possible in MELCOR when the molten debris occupies all remaining cell volume and freezes.
There is a user-controlled method to stop oxidation on a cell-by-cell basis. In MELCOR, the lower tic-plate fails
when its temperature reaches a value set by the user.

The synergistic effects of relocation are important. Relocation can alter the time-to-vessel-failure, and the thermal
and physical constituents of the material ejected from the vessel.

7.6 Fuel Coolant Interaction / Debris Cooling

To model convection between the molten debris and the coolant in a core region, both MAAP and MELCOR
employ a convective heat transfer coefficient set by the user. However, the relocation model of MELCOR adjusts
flow areas and heat surfaces to account for the heat transfer from and cooling of, particulate debris. Since MAAP
has no model for solid debris, it retains the uncovered node heat transfer correlations for gas cooling during heatup.
During relocation if the core node becomes molten, another heat transfer correlation supplied by the user is evoked -|

(see Table B.1). This is the same convective heat transfer coefficient used in the molten corium pool to crust heat
'

transfer when the corium enters the containment.

7.7 Vessel Attack

When the lower tie-plate fails, MAAP's lowest axial node in its hottest radial ring is fully molten. Above this node I

rests several other molten nodes and, possibly, some intact fuel in the highest axial nodes of the core. When the tie-
plate fails, there will be a large quantity of molten corium running down the control rod guide tubes in that radial ;

'

region corresponding to the core plate failure location [11]. The MAAP subroutine 'FLOWCP" constrains the
velocity of this molten material either to be no greater than that which would transport all the nden debris to the i

'

lower plenum in one time step, or to the velocity of steam leaving this region. The minimum vau is used. The
velocity of steam is determined from the following equation found in subroutine FLOWCP:

dv, = a [Tc/ Tw ]

#s [h,- hw]
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Where:
Stefan - Boltzmann constanta =

Corium temperatureTeu =

Lower plenum water temperatureTw =

p, Saturated steam density at primary system pressure=

Specific enthalpy of saturated steamh, =

Specific enthalpy of lower plenum waterhw =

For an RPV pressure of 1100 ps'a, v, is about 450 ft/hr or 1 ft/sec. The corium flow area is that area between the
control. rod guide tubes (CRGT).

With the entry of the corium into the lower plenum, heat transfer to the CRGT begins and that fraction of the
corium which covers the upper par. of the tube heats any water in the lower plenum. The corium surrounding the
lower CRGTs is used to heat the steel penetration to its failure temperature. The user can set a time _ constraint on
failure of the lower head, based on the time from failure of the tie plate. The MAAP documentation shows that the
lower plenum fills with molten cerium from the bottom up. Quoting from the subroutine FREEZE:

"If the corium pool has risen above the transition from lower to upper CRD tubes, the thickness and mass of
the corium crust on the submerged sections of the upper CRDT's are calculated."

These events can result in early failure of the lower head with a large amount of water still in the vessel at the time
of failure.

At the time of failure of the lower tie plate, MELCOR may have a mixture of molten and solid debris which will fall
into the lower plenum. The low.:r plenum is usually modelled in MELCOR as a cell grid. This format means that
debris relocation will follow a similar methodology as in the core regions, relocating down the axial cells, and there
will be no radial spreading to adjacent radial cells. Candling will occur on support structures such as CRGTs.
Particulate debris will fall to the lower head, where it will begin to attack the penetrations of the lower head. The.

penetrations will fail on reaching a temperature supplied by the user. The user can have the MELCOR code predict
lower head failure when the inner surface temperature. node of the lower head reaches a failure temperature, or a
mii.imum solid thickness of steel remains, or by using the control logie modules of MELCOR to establish a unique
failure mode.

For both MAAP and MELCOR, the initial size of the penetration failure is permitted to grow by ablation. One
feature of MELCOR is that when the outer surfact temperature node of the bottom head has reached melting
temperature, the flow area becomes that of the lowest lower plenum cell area.

MELCOR and MAAP have quite different relocation and freezing models in the lower plenum. Again, MELCOR is
more mechanistic, but vessel failure still has great uncertainty associated with it. The time from lower tic plate to

'

head failure was found (see Appendix D) to be a major difference between these codes.

MELCOR treats oxidation in the lower plenum as it does in the core cells; MAAP does not predict any oxidation in
this region.

7.8 Ejection of Core Debris

Once the lower head has failed, the debris is discharged into the containment. In MAAP, all mohen debris is ejected
and its rate of ejection is a function of the breach size and the vessel's pressure. The user through the input
parameter "FMAXCP" :an direct the code to eject core sotid debris based on the core's melt fraction. After the,

corium is expelled, any water in the vessel is then ejected.

MELCOR has a more complicated model because its debris can be molten as well as solid. Once the criteria for
head failure have been reached, MELCOR checks to see whether a total debris melt fraction of 0.1 or a total molten.
mass of 5000 kg has been attained. One of these two criteria must be satisfied before MELCOR ejects the core
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debris. The user has two options for predicting what is the ejection sequence (see Table B.1). The relocation model
employed in the core is also used in the lower plenum cells, so that when a full lower cell begins tc empty, the
material in the upper cells can begin to locate downward.

In MELCOR, there is no radial mixing of debris so that penetration failure must occur in each radial ring in order to
eject debris from that ring. However, once a penetration has failed, one user option would be to have at! debris
ejected from the lowest axial cell of the radial ring effected. The other option (see Table B.1) results in the ejection
of all molten debris together with some fraction of solid debris.

The MAAP model (which may have water remaining in the vessel at head failure and assumes that the corium is
ejected before the water) should result in a relatively conservative estimate of direct containment heating (DCH).
The water steam mixture leaving the vessel could produce the levitation velocities needed to force droplets of molten
corium out of a containment cavity below the vessel. MAAP does not create multiple head failures to remove the
molten debris as MELCOR does. MAAP may, however, be too optimistic in removing as much of the corium from
the vessel as it does. Mechanistically, some solid debris may exist and may remain in the vessel's lower plenum after
initial blowdown. If more material leaves the vessel, there will be less remaining to continually heatup the remaining
intact fuel or core debris, and revaporization of fission products. Further, the sequence of ejection of vessel material
can be very important, and there is some question as to whether water and gas can blow by the corium through the
head failure.

7.9 Recovery

Success criteria for arresting the in-vessel melt progression is intimately tied to modeling recovery. Being able to
match the cooling requirements to energy production has to be modeled carefully. Recovery is a function of both
decay heat and energy release from chemical oxidation. A function of a successful recovery is the requirement for
getting the coolant to the intact or degraded core configuration.

MAAP has separate models for core spray or quenching, and for reflooding from below. The latter can enhance
steam flow up through the core and possibly enhance oxidation. MELCOR has no quenching model. However,
MELCOR will handle material reconfiguration more mechanistically than MAAP and alter the oxidation process and
location (see Sections 7.2,7.5, and 7.6).

'

For the above reasons, MAAP cannot handle recovery.

8 BWR Containment Models and Analysis

As with other MAAP models, the configuration of the containment control volume is fixed. Figure B.3 is a MAAP*

representation of a Mark 11 primary containment. MELCOR affords the user greater flexibility,' and Figure B.4 is
one representation of a Mark II containment. However, these models are not substantially different. MELCOR has
an explicit representation of the downcomers, while MAAP models the dynamics that may occur in the downcomers,
but does not represent them in a separate control volume. The MELCOR model also has an upper and lower' cavity
control volume while MAAP models only the upper cavity. This modeling difference could be important if the
corium preferentially relocates to the lower cavity, because communication between this region and the rest of the
wetwell is typically through manways. Nine Mile Unit 11 has downcomers in the pedestal region and other Mark Ils
have floor drains, which could allow this type of preferential mass transport. This arrangement would affect
pressurization, local corium power density, and corium quenching. Both MAAP and MELCOR have provisions for
modelling of pressure suppression bypass, wetwell to drywell vacuum breakers, containment venting, sprays, and
containment failure.

For each of the following major models discussed in this chapter, we have summarized the differences between
MAAP and MELCOR in Table B.2.
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Figure B.4 LaSalle MEIIOR Containment System

8.1 Direct Containment Heating (DCH)

Presently, MELCOR has no DCH model MAAP models DCH in the PWR version, but not in the BWR version.
The PWR DCH model is more of a parametric study tool than a detailed model. The corium is assumed to be in
thermal equilibrium with the cavity's atmosphere, and the energy addition rate is limited essentially by the mass flow
into the cavity from the RPV. The CONTAIN code [17] includes a consideration of heat transfer time constants on
energy transfer.

MAAP has a model [ENTRAN) for the transport of molten corium out of the pedestal region and into the drywellif
the RPV blowdown force is sufficient to levitate the molten mass. Such transport ' spreads the corium with its energy _

into a larger volume.

8.2. Steam Explosion

Steam explosions are difficult to predict. While MELCOR has no steam explosion model, MAAP attempts to
simulate this phenomena. MAAP requires water to be present on the pedestal floor before vessel failure [EXVIN]. ,
it will then track the amount of corium contained in a cylinder whose radius is related to the RPV's breach size, and
whose height is the water height in the pedestal region. If there is at least 1 kg of water and 1 kg of corium present,

-

'

. then the corium is assumed to transfer energy to the water until it is cooled .o the saturation temperature of the
water. Recent modifications to EXVIN now allow the user control over the energy transfer rate.. No structural'

damage is assumed.

- The MAAP model is parametric in nature. This classification is justified by the amount of corium assumed to -
interact with the water, its energy transfer rate, and the restriction to one explosion only in the pedestal region.
However, the user can employ the model to evaluate the effect of energy stored in the corium (at or close to the

B.23

.



T>
!

y

Table B.2 Containment Phenomena Model Comparison

MAAP MELCOR
>

DCH Not modeled Not modeled

Steam . Parametric study model available Not modeled

Explosion
A geometrically derived amount of corium is assumed
to equilibriste to the water saturation temperature
within one time step.

Reaction occurs in the pedestal region.

Core Concrete One homogeneous layer of corium modeled Uses CORCON MOD 2 models

Interaction
Ideal solution used (activity coefficients set to one) Allows for a maximum of three layers - metal, heavy

except for four compounds oxides, light oxides

Sidewn!!s and bottom of CCI crucible are ablated Each phase (metal and oxides) is treated as ideal

equally solutions.

CCI gases released from sidewalls are not permitted Cr tracked

to react with corium debris
Different attack rates for CCI crucible sides and

11:0, II, O, N, CO, and CO: are tracked. bottom

Utilizes a single melt temperature Sidewall gas reacts with debris but at different
temperatures than bottom gasca

,
Suppresses all gaseous releases other than 11,0, II,
CO, and CO.

Utilizes a liquidus-solidus transition temperature ,
unique for each layer

Combustion Detonation is not modeled Detonation not modeled but ouput indicates if
detonation conditions are reached.

Ignition user controlled as offset of code supplied
flammability map Ignition . user supplied input

Inerting values supplied as a concentration at inerting . user supplied limits for II,0 and CO,
autoignition temperature. This results in reduction of
flammability map. Propagation . up, down, and sideward determined by

flow paths in burning control volume. Flame can
Propagation modeled as a spherical flame front which propagate to an adjacent control volume,
terminates on reaching a ceiling, Code checks
concentrations to determine if downward propagations Combustion Completeness takes form of:
occur. 1) User input constants

2) User created function
Combustion completeness . Determined by 3) Default is IIECTR 13
concentration (bum is complete il concentration was Flame speed is determined by the solution of mass
large enough for downwarJ propagation) and/or and momentum equation

distance to ceiling. Flame speed takes form of:
1) User input constant
2) User created function
3) Default is !! ECTR 13

|
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.usd supplied eutectic melt temperature of the corium), and the various amounts of water availabic in the pedestal
region on the performance of the containment.

8.3 Core-Concrete Interaction (CCI)

The various modelling options used during CCI are discussed in the following sections.

8.3.1 Material Location and Physical Properties

MAAP assumes that the corium melt is homogenous and that the crust has the same composition as the bulk molten
pool. The material properties of the debris in the MAAP model are also homogeneous, with a single melt
temperature. The internal energy of the pool is determined by tracking the composition of UO , Zr, ZrO , carbon2 2

steel, and concrete. In this manner, the solid-to. liquid fusion energies of the pool constituents are incorporated into
the determination of the energy of the molten pool. Other properties such as conductivity, viscosity, and density are
composition weighted.

MELCOR uses the CORCON MOD 2 model for CCI and allows the debris pool to be composed of a metal layer
sandwiched between two (heavy and light) oxide layers. MELCOR has a range of melting temperatutes for each
layer or mixture. At temperatures below 1 solidus and above the liquidus, each layer has its enthalpy or internal
energy weighted by the material's composition. However, between the liquidus and solidus temperature, a linear
extrapolation of enthalpy is used (see
Figure B.5). For comparison, a
mechanical mixture model is shown in this
fig;2re. MAAP uses a mechanical mixture ~

model.
' ,

'

Neither modelis exact. The presence of uoulousy -p
such a large mixture of elements produces $ ,
a complicated phase diagram (map). This 3 ,

complexity affects the containment p j

analysis in how the debris pool energy is @ f
allocated. How this energy will be used in
increasing the atmospheric temperature of /
the containment, ablating concrete, or I

being retained to produce a phase change / w m,
"' 'is of primary interest. +q m ,
, M souous

8.3.2 Heat Transfer and f'
Energy Generation

_

TEMPERAWREModel

Because MAAP uses single-value melting Figure B.5 Two Phase Construction for Mixture
temperatures for the debris and concrete,
it simplifies the modeling of heat transfer. The heat source resulting from oxidation is volumetrically distributed in
the debris (including the crust). The user supplies a convective heat transfer coefficient between the molten corium
and the crust. This coefficient is used to determine the heat flux to the concrete because it affects the corium crust
thickness. From this determination, a concrete temperature profile is obtained in subroutine HTWALL.

MAAP also tracks the heat into and out of the crust layer (always assumed to be at least 1 mm thick); the model
assumes that there is a parabolic temperature profile in the crust. MAAP assumes heat transfer is the same to the
side and bottom surfaces. However, radiative and convective heat transfer must be considered for the top surface.
Knowing the heat transfer into the crust from the molten debris, the energy generated in the crust, and the heat
transferred from the crust to the concrete, MAAP can determine whether or not the thickness of the crust will grow.
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The situation is far more complicated in MELCOR, and we will not give details here. Considering the fact that the |

energy source in the debris is not uniform but distributed according to the mixture layers the metal layer produces
much of the energy from the oxidation reaction, and the heavy oxide layer contains much of the decay heat. Users of
CORCON have noted the presence of only a thin oxide crust because of the high rate of heat generation within the
layer. Further complicating matters with MELCOR is the formation of crusts in the metallic layer, and a non-
uniform heat transfer to the sides and bottom of the debris pool.

Heat transfer to the concrete is very important because it inputs concrete ablation which in turn reflects the
formation of gases, pressurization of the containment, and aerosol fission products. A closer look is recommended at
the way MAAP handles this, including the effects of varying the convective heat transfer term over an order of ,

magnitude (100010,000 W/m') [19). Some results are given in Appendix F. Possibly, a homogenized energy source,
'

as used in MAAP is not conservative because, in reality, the energy may be concentrated at the bottom of the corium
pool where the heavy oxides may gravitate.

83.3 Chemical Reactions in the Debris Pool

MAAP uses the subroutine METOXA to determine the chemical reactions and their energies. Other computer
'

codes were used to formulate the necessary data for METOXA First, the chemical equilibrium code EOUUS
identified the important reactions, which were then separated into basis and auxiliary reactions. A numerical solution
is first attempted on the basis reactions, and used to converge with the auxiliary reactions. An iterative process is -
used until the equilibrium conditions are established for a given time-step. The equilibrium constants used in this
solution scheme are based on a functional fit to the Gibb's free energy functions of the reactants and products,
similar to that used in VANESA. By and large, MAAP's model assumes an ideal solution of reactants and products,
such that the presence of other chemical reactions does not effect the Gibb's free energy functions in determining the
equilibrium constants. To correct for this non realistic assumption, MAAP allows the user to adjust the activity
coefficients of four compounds. However, MAAP does not allow the gases coming off the sides of the CCI pool to -
react.

MELCOR allows the gases released from the sides of the CCI pool to react. MELCOR uses the CORCON MOD 2
model for chemical reactions, which also solves for the minimization of the Olbb's function. Each phase is treated as
an ideal solution. Because most of the chemical reactions result from metal oxidation, MAAP and MELCOR would
give different locations of this energy source with MELCOR having these reactions concentrated in the metal layer.
This concentration could cause the reactants to heat up and alter the equilibrium constants and the volatile mass
released. If the heavy oxide layer is the primary interface with the concrete, this chem! cal reaction energy will have

,

to be transferred to the concrete if the energy is to affect the ablation process. With MAAP, the chemical energy
will immediately have an effect on ablation because the metals are homogenized throughout the CCI pool.

,

Therefore, it is not clear which model will be conservative in terms of ablation. in MAAP and MELCOR the ;

evaporative water in the concrete undergoing ablation is released at the same temperature as the bonded water in
MAAP. However, MELCOR does have an option for early evaporative water rele.ue for heat slabs.

1
'

83A Gas Transport and Generation

As discussed, the MAAP code does not allom for the reaction of gases released from CCI, if they are released from
the sides of the CCI pool. Also, the MAAP n odel will create a pool which has straigh? sides due to the unifort:i
heat transfer coefficient used on the sides end botam. The surface area for CCI then will be governed by this !
geometry, and by the swelling of molten debris, which occurs as the gases lower the dendty of the corium. |

|
'

In MELCOR, a larger surface area may be obtained for CCI because the shape of the CCI pool can be irregular,
IAlso, MELCOR allows for the interaction of gases released from the side walls even though they are assumed int to

form droplets, but to flow as a film up the sidewalls. MELCOR also allows for swelling of the corium.

|
|

|
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8.4 Debris Spread and Coolability

There is a unique Mark 11 component modelin MAAP for debris spread and coolability. The drywell floor has '

;

downcomers connecting the drywell and wetwell mounted within it. However, the corium would be first relocated to
the pedestal floor region before being allowed to flow out to the drywell floor. MAAP's subroutine DCFAIL
attempts to simulate this flow and the progressively larger flow area available to the wetwell as the corium spreads
(as the corium covers more downcomers). Although the model is simple, it is an improvement over a fixed
downcomer flow area, and its effect on CCI and spray effectiveness should be clear. The use of the control theory
model of MELCOR would allow the user to simulate this effect also.

We now discuss the interaction of the corium with the suppression pool water in a Mark 11 downcomer. MAAP i

l

establishes a quenching zone [ QUENCH], so that the entire suppression poolis not required to reach saturation
before the corium will produce steaming. The control theory blocks or an increased number of control volumes
would have to be used in MELCOR to construct such a simulation. We believe that the phenomena simulated in
MAAP are real and have an effect on pressure response of the containment.

Another unique model in MAAP dealing with debris spread, which was discussed in the earlier section on DCH,
involves high pressure blowdown of the RPV. MAAP's corium entrainment model[ENTRAN] allows for the
removal of corium from the pedestal region by levitating steam and H gas from the highly pressurized RPV. Our
concern is that this model assumes that all the mass in the pedestal can be removed in 0.5 second if the conditions
for levitation exist for that length of time. This flow rate may be too large, and although the debris added to the
drywell atmosphere surface area will affect the short term rate of pressurization in a conservative way,it may not
conservatively handle CCl and its longer term pressurization rate. This will be seen in Appendix F where MAAP
produced a shorter time to containment failure when the corium was restrained from spreading throughout the
drywell. ,

Both MAAP and MELCOR model the cooling effects of a pool of water above the corium-debris pool. MAAP
permits the user to adjw. the critical heat flux multiplier (FCHF) to permit sensitivity studies.

To handle natural ekculation in the pedestal region, MAAP allows flow to enter the lower opening of this region to
remove heat before, passing up and out through the upper openings in the pedestal. Additional drywell control
volumes would have to be included in MELCOR to simulate this natural circulation.

o.5 Combustion

The major items to be considem uder the topic of combustion are the following: |

ignition.

propagation-

degree of burn completion-

flame speed+

MAAP includes lean and rich flammability limits (LFL and RFL) with a dependence on gaseous temperature.
Functionally, an increase in temperature lowers the fuel requirements for LFL and raises them for RFL Because
combustion is permissible between these limits, the rise in temperature increases the (combustible mixture) range for
flammability. The determination of ignition is based on a user-supplied offset of the LFL and RFL, thereby reducing
the acceptable mixture required to a subset of the flamrnability regime. Figure B.6 gives an example of the LFL,
RFL, and the ignition offset.

.!p

1

i
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An inerting gas, such as N , H 0, or CO also can affect the flammability and ignition regimes. MAAP uses values2

given by the user for both a concentration of inert gases that prevent ignition at an autoignition temperature and the
autoignition temperature; in effect, this reduces the flammability regime further.

Modelers of IPEs must be careful to not always assume combustion close to the LFL, assuming this to be
conservative. A greater pressure increase could be obtained if ignition was not allowed until the RFL was reached.
In summary, ignition in MAAP is based on a regime developed from an offset of a flammability regime.
Flammability is a function of gas temperature and the mole fraction of its constituents.

-Ignition in MELCOR is determined by a an input value supplied by the user. This value is compared to a code-
calculated value which is a function of both H and CO mole fractions. Tests also are made to determine whether
there are acceptable amounts of O and of the inerting gases of CO and H 0. The limits for these gases also are

-

2 2

user. supplied and compared to code. calculated values.

In MELCOR, the user supplies the fuelignition concentration and the requirements for oxygen concentration. The
user further supplies a requirement for the concentration of inert gases to prevent ignition. MELCOR's ignition
criteria is not temperature. dependent, except in the user's prethought in choosing the limits supplied.

MAAP has different LFL and RFL limits for directing propagation, which also affect the degree of burn completion.r.
All downward propagation burns are assumed to be 100% complete [FLAMM). If the burns are incomplete, their
burn time is decided in MAAP from the time it takes the spherical flame front to contact the ceiling of the volume
within which the burning occurs. Contact with the ceiling stops the combustion. The velocity of the flame front is
determined from the solution of the momentum equation, which considers buoyancy and drag.
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MELCOR allows the user to input a constant for burn completeness, use a concentration dependent correlation or
employ a control function relationship which the user supplies. The propagation follows the flow paths. Up, down,
and horizontal paths, therefore, are dependent on the configuration of the control volumes. As with combustion
completeness, MELCOR offers the same three options for flame speed: a user supplied value, a control function, or
a concentration-dependent correlation.

Both MAAP and MELCOR afford strong user contro; over ignition. For flame speed, MAAP allows a tunable
parameter called the " flame flux multiplier", which controls combustion rate. MELCOR users can supply their own
flame speed. For propagation, MAAP users are able to assure a downward complete burn by setting the ignition
criteria such that the fuel concentration is higher than that necessary for a downward propagation flame;if it is not,
the size of the volume and the distance to the control volume ceiling limits burn completeness. MELCOR users have
full latitude in choosing burn completeness, and propagation is even permitted across control volumes.

There is a large degree of versatility in the combustion models employed by MAAP and MELCOR. However, it is
the pressure that results from the burn and the remaining constituents of the gas mixture which are important.
MAAP will not calculate a detailed pressurization rate but only an average value based on the burn completion and
duration of combustion. MELCOR adjusts the burning rate.
MAAP's flammability regime should help its calculations because they are temperature-dependent.

6

8.6 Engineered Safety Features and Alternate Systems

MAAP is much more user friendly in modeling the ECCS than MELCOR, having specific, standard models for each
major system. In MELCOR, the user would have to use control theory and a control volume-junction structure to
accomplish a similar task. The pump models in MAAP include the effect of backpressure on their flow if the
discharge is to the RPV, but not if it is to the containment.

Probably the most important Emergency Core Cooling System (ECCS) for the containment is the containment spray
mode of the Residual Heat Removal System. Both MAAP and MELCOR have a spray model. MELCOR uses the
HECTR code. Both models assume that the droplets are spherical, that they fall at terminal velocity, and are
isothermal. Further, the models allow for condensation and evaporative mass transfer as well as for aerosol washout.
Unfortunately, sprays do not remain as sprays for long in containments congested with equipment. With increased
control volume nodalization, MELCOR might be able to be adjusted to address this concern. Similarly, the user
input on droplet size is a parameter in MAAP that also may be used to improve the results.

Containment Venting should not be a problem for either code in terms of mast flow, though MELCOR would have
inertia effects and MAAP would not. However, the effect of this difference should be small over the time phase of

venting.

With respect to the pressure. suppression downcomer clearance, MAAP has m true inertia model. . However, the flow
between the drywell and wetwell will be smoothed if the Bernouli flow rates yield flom creater than those which
would equalize drywell and wetwell differential pressure in less than 2 seconds, or 2 gkhal time-steps. In effect, this
procedure tries to accommodate the lack of inertia in the Bernouli equation. Wetwell and drywell vacuum breakers
also are easily modeled by these codes.

Containment failure is usually modeled on pressure or temperature criteria. MAAP has a containment strain failure
model for the Mark III containment design that can be used. Because of the complexity of containment design, it
would be better to perform detailed auxiliary (non MAAP) calculations to equate containment failure to a specified
failure temperature or pressure. There will always be an uncertainty related to containtnent failure or breach size.
Typically, the user would perform a parametric study of the release of fission product or the consequences versus a
spectrum of failure or breach sizes.

A gas combustion front can be either subsonic, or sonic to supersonic in velocity; this characteristic defines the
difference between a deflagration and a detonation. While MAAP does not consider detonation, MELCOR will send
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a message to the output file if conditions for detonation have been reached. This is the extent of detonation
modeling in these codes. The pressure spike from detonation can be larger than that for deflagration, but its
duration is much shorter [21]. The effect on electrical and mechanical penetrations from a local detonation are
neglected.

9 Fission Product Release and Transport Models and Analysis

9.1 Classification and Grouping

MAAP tracks 22 specific fission product (FP) species (elements and compounds) which are grouped into 12
chemically similar groups (Table B3). The initial mass of the 22 species are user supplied and are grouped,
conserving their total number of moles, into the 12 chemical groups. On the other hand, MELCOR allows the user
to create up to 20 material classes, though typically only 15 are used (Table B.4). These groups are based on
chemical properties and allow for the assignment of the periodic table of elements. Interestingly, for each of these
material classes, MELCOR distinguishes between radioactive mass and fission product mass. When a mass is
released from the fuel in MELCOR, it is assigned to the appropriate material class, based upon its release in
elemental form. However, the mass increment becomes part of the radioactive mass of that material class.
MELCOR then assumes the elemental form will take on compound forms, for example, Cs becomes CsOH. The
mass of this compound form then becomes part of the fission product mass of that material class. The properties of
the fission products will be those of the material class. The user can, if desired, specify unique material classes for
compounds, such as Cst Tables B3 and B.4, however, show that in Table' B3, only Cs takes on dual material classes
in MAAP in the form of Csl and CsOH. Therefore, any concern that MELCOR may not correctly represent the
appropriate characteristics (vapor pressure, for example) for the fission product comnounds. based on elemental
grouping, may not be a problem.

Whether sufficient numbers of fission product compounds are tracked in MAAP is hard to judge without first seeing
whether the inclusion of more compounds, such as in MELCOR, would alter the predicted dose produced by the
consequence code. In WASH 1400 [23),25 elements were tracked, compared to 22 in MAAP. MELCOR's input
follows the material classes for initialization of mass distribution. Hence, if it is planned to include more individual
fission products in the material class, it would be wise to check MELCOR's Decay Heat Package. Here, MELCOR
uses tabular look.up functions to determine the amount of decay heat produced at any given time by the material
classes. This information is based on tracking 29 elements over time from a representative ORIGEN run. The end
result is that MELCOR supplies a time dependent decay power to each class such that the fraction of themial decay
power assigned to each class may vary in time. MELCOR thus has a varying shape and amplitude function for i

decay power.

MAAP, on the other hand, fixes the decay power fraction for each of its FP groups or classes and varies only the
magnitude as a function of time. Decay power has a fixed shape and varying amplitude function.

.)

9.2 Sources

In MAAP, no fission products are released from the fuel matrix until fuel damage is predicted to occur, this is
usually associated with clad damage, in MAAP and MELCOR, a fuel damage temperature is supplied by the user.
In MELCOR, however, fission products located in the gap before clad damage will be released upon reaching this
fuel damage temperature. This format is more realistic than that in MAAP, which has a delay time associated with ;

the release from the fuel matrix to the gap. MELCOR also will allow for fuel damage if the criteria for fuel failure |
has been reached. This point is dependent on minimum Zr thickness of the clad, or Zr melting temperature. ]

Once damage occurs, fission product release occurs for MAAP and MELCOR. MAAP classifies the fission product
groups into volatile and non-volatile categories and applies different criteria to them. For volatile fission products,
their release histogram from the fuel is governed solely by an exponential functional relationship of the form:

rr
K(t) = Ae
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Table B.3 MAAP Fission Product Species

1. Nobles 7. Ba0

O + Pr:0 + Nd 0 + Sm:0 + Y 02. Csl 8. La2 3 3 2 3 3 3

3. TeO 9. CcO:

4. SrO 10. Sb

5. moo 11. Te

6. CsOH 12. UO + NpO + PuO

Table B.4 Material Classes in MELCOR

Class Name Representative Member Elements

1. Noble Gas Xe He, Ne, Ar, Kr, Xe, Rn, H, N

2. Alkali Metals Cs Li, Na, K, Rb, Cs, Fr, Cu

3. Alkaline Earths Ba Be, Mg, Ca, Sr, Ba, Ra, Es, Fm

4. Halogens 1 F. Cl, Br, I, At

5. Chalcogens Te 0,S,Se,Te,Po

6. Platinoids Ru Ru, Rh, Pb, Re, Os, Ir, Pt, Au, Ni

7. Early Transition Elements Mo V, Cr, Fe, Co, Mn, Nb, Mo, Tc, Ta, W

8. Tetravaient Ce It, Zr, Hf, Ce, Th, Pa, Np, Pu, C

9. Trivalents La A1, Sc, Y, La, Ac, Pr, Nd, Pm, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Am,
Cm, Bk, Cf

10. Uranium U U

11. More Volatile Main Group Cd Cd, Hg, Zn, As, Sb, Pb, TI, Bi

12. Less Volatile Main Group Sn Ga, Ge, In, Sn, Ag

13. Boron B B, Si, P

14. Water HO HO2 2

15. Concrete - -

B-31

_



m . ~ . , .
- c- , -

.
4

.f f - 'k I' O
.

I - I

'

, |9 .y'Q4
,. t x s ''

& ( ' , sy -
'

-

' < >, uw ,

,

-t = - m', m; y) S , s -

,- h ; +%.

'
. ,

7 - p ,

,. 4, .:>,
,

.

a , ,
- , t -e, g

!% 4 L bWhere: ,q4

p$ ", +~" . K(t)

< w->
.. .

'1
fractional release rate as a function of time= , ,

> - :-4
' -

.

ib A&B constants depending on lission products and piecewise dependent on temperature '=

@
'

'. .

. . '
.

ltemperature of the fuel4 T - =
'

yn7 .

The non volatiles use an Arrhenius formulation.? b..

K(t) = K,e" '
' ,,

7 ,

;
t .

.Where: 1,
-

,
' '

0".j'.E

constants supplied for each fission product s? Ko&O =
a.
q

universal gas constantW R =

dtemperature of fuel* T = , ,
,

+

u-

. .. ..

' Another limitation on the release rate for the non volatiles is that they can not exceed their individual vapori , . . f', l
. saturation pressure. One could argue that they would be released as aerosols, which is what effectively occurs with! ,

the volatile fission products, but the constants employed by MAAP must not be tuned for this.' This omission can l,'

have a major effect on their release if the channel fuel blockage model [25] is employed, since gas flow blockage
could greatly affect the attainment of saturation pressure. We note that MAAP does not allow the presence of anyL >

acrosols in the core region, but for the volatiles MAAP will transport the vapors'to the upper plenum where,if.' '
~ ',

'
, ,

. steersaturation conditions exist, they will create aerosols.
~ ' ~ '

,

,

>

~

:. i

There a re user options in dealing with Te; one option may either release the Te as a volatile or assume it to be W .@'[,transported out of the core with the corium melt, combined with the unoxidized Zr. Te would then be released in
'

the containment as the Zr metalis oxidized during CCL The other option would release the Te in the' core after a 3 -

user supplied input value for the oxidized fraction of Zr has been eveM This latter option is in. agreement with t ' ';y
the NUREG 772/ Kelly model.

' ' ' ' ~ ' y

The other major source of release of fission products to the gas stream occurs during CCI, ,Here, MAAP employs A .d
]'the METOXA subroutine group to determine the chemical equilibrium of the elements and compounds supplied by t.g

the corium and steel laden concrete. The gases are assumed to be liberated from the corium pool. Some gases' ,
* ~

> -

would be tracked in the 12 fission-product groups; these would be added to the' gas medium.; MAAP developers . 'q
"

>

argue that the volatility of some of the fission ' products is not well understood in such a corium pool as is present; , W,

f during CCL :Therefore, they allow for the effect of a non ideal solution ~'on the oxide forms of Sr and Ba as well asj.

p# :on Si, K, and Na. The user then can control their release rates by using activity coefficients. f f
. ., .

,
.

? There are two substantial diffr.rences from MAAP that are associated with'MELCOR; both involve aerosols.(Thej ' ,M
4

first deals with the release of aerosols from the core region. MELCOR'does not limit release due to vapor pressure ; '. R
' " 'in'the core for the non volatiles while MAAP does. For the volatiles, although MAAP has no limitation on mass.6

' removal based on. vapor pressure,it assumes vapor is transported to the region above the core and checks there for< l E I
supersaturated conditions to create aerosols.1 However, the total core release conditions'are considered for the 4 g
volatiles released and supersaturation conditions may st exist, while they might in the more active core nodes. ,3 g

' Hence,~ MELCOR may predict aerosol formation wheu MAAP may not. 5? v,. gg,
- i

,

/ . The second major difference is aerosol release from CCI. ' MELCOR, which uses a modified'VANESA,' predicts ',
,'

9acrosol release. MAAP will not release vapor beyond its saturation pressure in the melt.L The' bulk of the aerosols f 1

''d, released are expected to be of non-radioactive mass, which will have an effect on radioactive acrosols when these ' >

.
. non-radioactive aerosols join tbm in' the containment.- However, it cannot be said that MAAP is conservative'in its -

' ]?
+

y '' predictions becau:e even though the removal rates from the containment atmosphere may be less in MAAP, there
- 3
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also is less of an aerosol source term and only some of this is radioactive. The timing of the containment breach and
the core-concrete interaction conditions have synergistic effects on acrosol release to the environment.

9.3 Transport

in hiAAP, acrosols and vapors are carried with the bulk gaseous flow. This flow is usually laden with H , H 0, CO,i 2

CO , and N . In general, deposited fission products flow with the medium they are deposited in, which can be water
2 3

or the corium. This statement is true for the containment. For the core, water transport of liquid fission products is
not modeled. Fission products still bound up with the corium when they leave the vessel are transported with the
exiting corium.

The fission product groups carry decay energy (discussed in Section 9.1). MAAP makes a distinction in energy
deposition, however, based on analysis of the containment or the RPV, In the containment regions, fps in gases heat
their transport medium, and deposited vapors and aerosols heat a water pool if there is one in the control volume or
the region they are in. If a water pool is not present, then they directly heat a heat slab.

For the RPV, the airborne vapors and aerosols as well as deposited vapors and aerosols heat a pre-selected heat sink.

MAAP's and MELCOR's transport mechanisms are essentially the same for vapors and aerosols. Those fission
products, which are contained within the mixture or pool region of the control volumes, are transported with the
mixture whether or not the control volumes are within the core or containment. MAAP's failure to transport pool
deposited FP in the vessel may be a concern if in vessel recovery actions are attempted. Transport of the fps, which
are retained in the fuel, whether liquid or solid, are relocated with the fuel; this happens while relocation is occurring
in vessel as well as at the thne of vessel breach.

Table B.5 summarizes the way MAAP and MELCOR transmit the decay heat from lission products. For airborne
fission products, MAAP has different criteria for the containment and vessel regions. For the vessel, this heat can
only be deposited on a heat slab, in the containment, the air will be heated. In MELCOR, the user directr, what
fraction of the airborne FP heat in a control volume will go to the air or surface. In MAAP there are no fps i

directly heating the vessel water, and, in a containment region, deposited fission products heat the water if present or
a heat slab. MELCOR retains within a pool the heat produced by fission products deposited there. Also,in i

MELCOR, any fission products deposited on a heat slab can be directed to heat any heat slab or control volume gas, i

From the above discussion, MELCOR offers far greater tunability in directing fission product heat. This flexibility
can be of great importance in affecting FP transport and transition. MAAP is more limited, especially in the vessel.
Presently, this limitation is most troublesome for cases invoMng in vessel recovery actions, or very slow vessel
uncovery (for example, having inadequate inventory make up to the vessel). This latter case could allow substantial
water to remain in the vessel during fission product release from the fuel.

9.4 Transition

In MAAP, fission product vapors follow their thermodynamic properties of condensation and evaporation. That is, |

they will condense within the gaseous medium to form aerosols if they become supersaturated. They will also -|

condense on cool heat slabs to form liquids. Revaporization from the heat slabs also is permitted.

MAAP's modeling of aerosol transition, primarily its removal from gaseous transport, e removed the explicit
tracking of the size dependence of aerosols. Essentially, MAAP classifies a time frame as either one of steady-state
aerosol generation, or aging with no source. The simple mass balance equation for the airborne acrosol is then:

Am = -Am + m,
dt
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Table B.5 Fission Product Release and Trasaport Models

MAAP MELCOR

Classification Tncks 22 FP clements grouped into 12 material Nearly the full periodic table of the elements are assigned to

and Grouping gr ups. For DWR version, structural material such material groups

as Zr is not released from core material [f70RP]
User can create up to twenty material groups though fifteen is

The 12 material groups can take on four forms: standard. Compounds use the elemental properties of only

Vapor one of the constituents.

Aerosol
Deposited in water pools Within each material group, MELCOR tracks the mass of the

Retained in core or cortum radioactive resterial and felon product mass

Total dxey power (amplitude function) is calculated Release fractions from fuel are a function of the material
and is time dependent but the distribution of this group they are within

gross power amongst the twelve material groups
(shape function) does not vary with time Decay power is modelled as both a time dependent amplitude

and 6hape function based on tabular look up

Sources

N 38P release but start of release from fuel matrix Gap release on user supplied temperature or at tirne of fuel
a) Fuel on user supplied clad failure temperature failure which is based on clad zircaloy metal (unoxidized)

thickness

Ea.-h tracked fission product has its own release
model constants. De release model used is a User has option of choosing CORSOR or CORSOR-M model
function of whether the isotope is classified as for FP nicase from fuel
volatile or non-volatile,

a) ne volatile fission products can use De CORSOR modelis of the fortn: K(t)= Aexp(UF), while

either the CORSOR-M modelis an Arrhenius formulation
K(t)= Aexp(Irr) of Cubicciotti's model
(user option) De release constants are functions of the material group

b) he non-volatiles use an Arrhenius (same constant for each element in a given material group)

formulation
K(t)= K,exp(-Q/RT) Non radioactive materials, including cladding, canister and

control rods follow same rticase rates as the radioactive FP in
Fission products are released as vapors only (no their material class [RM RM 6]
aerosols). Their release can be either; diffusion*

from the fuel matrix melting or mass transfer the Fission products can be relased as vapors or aerosols if
from the core region limited. saturation conditions are exceeded [RN RM 7]

Te,,at user option, can be released in-vessel or out Te release inatssel can be reduced by the presence of non-

of vessel during CCI oxidized Zr
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Table B.5 Fission Product Release and Transport Models (Continued)

!
MAAP MELCOR

b) CCI During CC1, oxidation and reduction reactions occur During CC, a modified VANESA model has been

which cannot only result in chemical changes but incorporated. This includes:
alter the major release of the FP from the corium aerosol generation rates

pool concentration of aerosols in gaseous nicase from the pool '

Documentation appears to support the release only Aerosols and vapors are released from the pool. Most

of vapors within the pool aerosols are non-radioactive acrosols, however, these non- -

radioactive acrosols can have an effect on the acrosol removal
'Once the FP leaves the core or core debris, its mechanisms in the containtnent.

chemical state as given by the 12 FP groups is
innen'

Ba and Sr are two of the major radioactive aerosols
one might croect from CCI; these have user input
activity coefficients for tunability

Transport Aerosols and vapors are transported with II,0 and Aerosols and vapors are transponed with II,0 and H

Hr.
FP products in the water pool for a control volume are

Deposited raion products transport with water transported with the pool
between containment regions. Dis is not done
between reactor vessel ngions. Fiasion products in the core material are transported with it

during relocation. Dis could be in solid or liquid form.
Fission products in the corium, exit vessel with the
corium in any control volume:

In containment: airborne FP have user supplied split of this heat

-airborne FP heat the air between the atmosphere or surface of any volume.

-deposited FP heat a water pool if present, A water pool is clamired as a surface.

otherwise a seiceted heat slab
decay heat from FP deposited on any heat slab can

in-vessel regions: be dincted to any heat slab or control volume gas

-airborne and deposited FP heat an individual heat phase

sink
raion products deposited in a water pool directly
heat that pool

,

t

r
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TsNe B 5 Fission Product Release and Transport Models (Continued)p

MAAP MELCOR

Transition FAI dr41oped aerosol mass conservation Uses MAEROS which is a sectional aerosol code it tracks particle size

equsslots utilizing decay terms. Does not;

trwk particle (aerosol size) Separate mass conservation equation written for each chemical
component

separate mass conservation equation por,
written for each chemical component Coagulation due to:

Brownian Motion
Aerosol decay constants exist for: -gravity
-settling turbulence
diffusion phases (steam condensation)

-thermophoresis Particle deposition due to: .
*

-impaction -settling
-hydroscopic aerosol modeling -diffusion
considered to enhance settling -thermophoresis

Combining laws for decay constants are Particle growth due to condensation of water vapor on particles

employed
User can set all material classes to a single component in the solution

Aerosols created from super saturated of the MAEROS sectional solutions. This would accelerate the
vapors solution time [RM RN-p.7)

User input includes two shape factors used Acrosols created from supersaturated vapors
in the decay constants and acrosol seed
radius used in the hydroscopic scrosol Resuspensions of acrosols deposited on surfaces are not predicted in
model MELCOR

Spray removal model Spray model based on the !! ECTR code is employed. It removes both
acrosols and vapors

Pool scrubbing model based on functional
fit to SUPRA numerical expetiments Pool scrubbing model exists for aerosols only

Aerosols evaporate to keep a opor Filter model removes aerosols and vapors. Could be used in Reactor
saturated, MAAP handles revaporization Building of BWR

TRAF. MELT 2 code equations are utilized to determine condensation
and evaporation of vapors frorn aerosols and heat structures

Aerosols created from supersaturated vapors j

e

?
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Where:

mass of aerosolm =

a source termm,

removal term with A being the decay constantAm em

Then, for the steady-state formulation we have:

.dm = 0 = Am + m,
dt

:i

and for the aging state with no source: !

.dm - - Am i

dt j

MAAP solves these equations by using the formulations previously discussed (Section 9.2) to determine 'm," and by
determining the decay constant "A". MAAP determines the decay constants for a variety of removal mechanisms by j

determining a functional relationship fo 'A", based on numerical experiments which used a size-dependent solution j;.
| for aerosol behavior. The exact solution of A is determined by solving for two dimensionless scaling parameters 'A' 1

f and 'M", which depend on the geometric and physical properties of the acrosol material, such as its viscosity, the

f. height of the volume containing aerosol, the density of aerosol particles, and temperature. In addition, there are two
i user supplied aerosol shape factors that have defaults supplied by the MAAP developers. 3

i

The acrosol physics model also employs combining and interpolation laws. If more than one removal mechanism is ]
occurring, the model has combining. laws to determine the appropriate decay constant for the mass conservation

i: equation. Interpolation is used to treat conditions between steady-state and aging. Log-log plots are presented by |
'

the MAAP developers to compare the accuracy of their interpolation schemes to more detailed aerosol codes!

products and equipment. From these comparisons, it appears that the MAAP model can do well when there is a -
well-defined demarcation between times when a strong source exists and then ceases. In a severe accident, there
would be times of strong sources mixed with times of weak source. It is not explicitly clear what the degree of

L accuracy would be when these conditions were resiewed on a Annt time plot. MAAP has a model for hydroscopic
L aerosols, which can result in greater sedimentation rates than their dry aerosol model. This wet aerosol .

sedimentation rate can be controlled by the user's choice of the particle size of the initial seed (dry aerosol)..

MAAP has two other special acrosol removal mechanisms. The first is water spray entrainment. This model
determines the reduction in gaseous suspended aerosols as a function of the radius of water spray droplets, their
settling velocity, and collection efficiency; this last is determined by experiment. This model must be used with an
assumption about the size of the droplets of spray because containment sprays will impinge on drywc!! equipment.

Pool scrubbing is the second special component of the mechanism for removal of acrosol. The MAAP model also
includes pool scrubbing of vapors, which when passed through a pool, are anticipated to condense into liquid aerosols

L and also be removed. MAAP's models are based on a functional fit to numerical experiments performed with the

|
SUPRA code, using the following parameters:

. 1) Mode of gas injection (such as downcomers and side vents)
i

I ') Geometry (height of pool)

3) Gas condition (steam mass fraction and composition)

4) Pool conditions (subcooled, pressure)

!
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5) Aerosol characteristics (sire)

We have suggested that MAAP does not keep track of the particle size of the aerosol during its transition or removal
from the atmospheric calctitation. So, to correctly use the SUPRA data, MAAP looks up a interpolated table for a
predefined spectrum of partide sizes, which ata functions of %osity, gas temperature, mass generation rate, and
user-tunable shape factors. I,IAAP effectiveJy calculates a decontamination factor for each particle size and then
mass averages these to get a total DF.

The characteristics of the aerosol model in the MELCOR code can be found in Table B.S. It is interesting that the
MELCOR mass conservation equations for aerosol are general ones. They are not limited to the steady-state and
aging regimes. Further, they arc sectionalized into size groups for aerosols, and give the user the flexibility to
separately track different ecmpositions. Because MAAP appurs to solve the acrosoi mass equation for only one
large composition of all tracked groups, it would be interesting to see whether MELCOR would yield similar results
by just using only one composition, as in MAAP, and then comparing this to a case where multiple mass equations
(based on multiple compositions) were employed. Our particular concern is that MAAP may not correctly determine
the release functions of aerosol fission products which have different dominant times of production. If there was a
late production of a given FP aerosol, which is raleased into an atmosphere of an aging aerosol environment,'then
MAAP would shift to a steady-state continuous-source solution [dm/dt = 0 = -Am + mg], not considering the
potential of the new source of single composition on a size section, quite different from an aerosol atmosphere which
had been aging for some time. MAAP would simply remove the new cor,ponent using the same decay constant as
the aged aerosol. However, MAAP would remove it on a rate commensurate with _its relative mass composition in
the total aerosol atmosphere. The end result may be an ow rprediction of the remcual rate of the newly predirected
acrosol's versus what a sectional code such as MELCOR would yield.'
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1 Introduction

This appendix summarizes the MELCOR analysis, as well as the comparison with a MAAP analysis, of a small break
LOCA accident sequence for the Zion plant. The work was performed under Task 5 of the MAAP Code Evaluation
Program. Task 5 calls for Brookhaven National Laboratory to perform a cornparative analysis with the MELCOR
and MAAP codes. The MAAP analysis utilizing MAAP 3.0B, Redsion 17.0, was provided by Fauske & Associates,
Inc. Version 1.8.0 of the MELCOR code was used.

BNL started the MELCOR analysis by using a Zion input deck prepared previously, in an unrelated 1988 study, for
the steady-state calculation of a station blackout sequence. This input deck was updated for the latest version of the
MELCOR code and was modified to simulate a small break LOCA transient. Considerable changes were made to
input parameters related to the control volume thermobydraulics, flow paths, and heat structures. Nodalizations in
the primary system and containment were expanded. Because the MELCOR code has not been systematically tested
for the PWR systems, BNL encountered many problems related to numerical instability. These problems were
successfully eliminated by improving the time-step control, by nodalization, and by selecting proper input parameters.
Due to the limited time allocated for this project BNL has not systematically tested its numerical strategies and has
not evaluated the uncertainties of the predicted results.

2 Description of Accident Sequences

The accident sequence selected for the analysis was a small break LOCA. The basic assumptions defining the
sequence are listed below:

1. The break size is 2.5 inches in diameter.
2. The break location is at the intermediate leg with an elevation of 6.37m above the reference elevation

of the bottom of the reactor vessel
3. There is no power scram delay time.
4. Coolant pumps are immediately turned off, and no pump coastdown is modeled.
5. No feed water is provided to the secondary side of the steam generators.
6. Accumulators are activated when the primary system pressure reduces to 4.137 Mpa, and are stopped

when the pressure increases above 4.2 Mpa.
7. Failure of both high-pressure and low-pressure core injection is assumed.
8. Containment sprays are activated when the containment pressure reaches 0.262 Mpa, and terminated

when the pressure is below this levet
9. The refueling water storage tank provides water for the containment sprays. The initial water mass

in the tank is assumed to be 127,000 Kg (i.e.10% of normal capacity). The reduced water mass was
assumed to limit the spray operation to enhance containment pressurization and the potential for
hydrogen combustion.

10. The recirculation mode of containment spray operation was assumed to be not operational.
11. A 15.2 cm high curb is located at the opening of the tunnel section of the reactor cavity compartment

to limit the quantity of water flowing back to the cavity.

The small break LOCA sequence is characterized by a rapid depressurization of the primary system, rapid core
uncovery and heat up, and early failure of the reactor vessel. The sequence allows us to evaluate the' effects of
accumulator injection, break flow, and early release of hydrogen and fission products into containment. However, the
potential for natural circulation in the primary system and direct containment heating at the time of vessel breach are
reduced due to the depressurization in the primary system.

3 Basic Modeling

3.1 MELCOR

The 4 loop Zion plant was modeled as a 2-loop system in the MELCOR analysis. The three intact loops were
lumped together to represent the unbroken (UB) loop and the loop which contains the small pipe break was referred

C3



to as the broken (BK) loop. The pressurizer was assumed to be located in the BK-loop. Each loop was represented
by five control volumes: the hot leg, the rising tubes and down tubes in the steam generator, the intermediate leg,
and the cold leg. The reactor vessel was muteled as four control volumes: the upper plenum, core, lower plenum,
and downcomer. The flow bypass channel was i:tmped together with the lower plenum. ' Thus, a total of 14 control
volumes were used to represent the primary system and the reactor core. In addition, the pressurizer, quench tank,
accumulators, the secondary side of the steam generators, and the turbine room were modeled separately as
additional control volumes. Zion has four areumulators in each of the four coolant loops. Three accumulators were
connected to the cold leg of the UB. loop, and one accumulator was connected to the BK loop. The turbine room
was modeled as the control volume, which receives steam released from the secondary side of the steam generators.
A total of 24 flow paths, including the release from the quench tank and the break flow from the intermediate leg to
the lower compartment of the containment, were modeled for these control volumes. A schematie diagram of the
control volumes and flow paths is shown in Figure C.1.

In MELCOR, the reactor core includes the region of the lower plenum directly beneath the core. Both the core and
lower plenum are divided into concentric radial rings and axial segments. A particular radial ring and axial segment
designates a cell. This analysis has six axial segments and four rings in the core regions,i.e. 24 cells. The active fuel
was distributed in five axial segments. The top axial segment, which does not contain fuel, represents the unheated
section of the fuel rod. The fuel pellet, cladding, control rod and structural materials,were treated separately as
different components within each cell. Each component is represented by a single temperature.

Six axial segments and four radial rings were used to model the lower plenum region. Three of the axial segments
represent the lower core plate, mixer, and bottom support plate. The core and lower head nodalization is illustrated
in Figure C.2. Four penetration tubes, one in each radial ring, were modeled in the present analysis. The
penetration tubes were attached to the lower vessel bead, which has four nodes that are used to estimate the thermal
response after the core debris relocates into the lower plenum. The penetrations or the lower head failed when
temperature of a penetration or the innermost lower head node reached the failure temperature specified by the user

(1273 K).

The containment was divided into four control volumes: the reactor cavity, the upper, lower, and alinulus
compartments. These compartments were connected by two flow paths between the reactor cavity and the lower
compartment: the instrument tunnel and the reactor vessel / shield wall annular passage. Containment sprays were
modeled in the upper compartment. The spray water was split into the lower and annulus compartments and
collected in the sumps. Failure of the upper compartment was assumed when the containment pressure reached
1.027 Mpa,149 psia, the failure pressure specified by the user. The failure area was assumed to be 0.65 m'. The

analysis also assumed a leakage in the annular compartment when the containment pressure reached 0.44 Mpa, as
specified by the user. The leakage area was assumed to be 0.495 cm'.

'

In summary, the Zion plant was represented by 27 control volumes,32 flow paths, and 119 heat structures, as shown
in Tables C.1 to C3. Table C.1 shows the ahitude, volume, height and flow area of each control volume. The
characteristics of each flow path, such as elevation of junctions, initial fraction of open area, path orientation, and
flow conditions, are summarized in Table C.2. The nodalization, geometry, altitude, orientation, and surface
boundary conditions of each structure are given in Table C3. In Table C3, the degassing model was applied to some
containment concrete structures. This model allows the concrete structure to release water vapor and carbon dioxide
when the structure reaches the user-specified temperatures. The degassing model increases the containment
pressurization rate as additional gases are released to the containment.

3.2 MAAP

The nodalization used in MAAP to represent the Zion plant are shown in Figures C3 and C.4. A comparison with
the nodalization used in MELCOR reveals the following differences:

1. MAAP divides the upper region of the reactor vessel into two nodes: upper dome and upper
plenum; MELCOR considers this region as one control volume.

2. MAAP lumps the downcomer and the lower plenum as one node; MELCOR separates these two
regions into two control volumes.

C-4
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Table C.1 Control Volum:0 Modeled in MELCOR Analysis

e.324 e.sese
CVice NAuf - > CAVlIY $2.559 8.98828 4.235 e.233355372

At tittOE Voith( Hic 47 AREA 13.528 3.538 1.e67 2.383e7404 .

26.48 49.485 12.e34 3.3751989 s

-8 e43 e.e j 27.52e 59.958 8.886 2.38555347
a.s 162.68 0.843 20.9878942

7.975 217.88 7.97S 8.8837935 CY4te HAuf -> O-IAMC
-- Atilitet VOttaat 64tQti AREA

CW21e taAuf -> tasw
AtilitOE YOluut HiQ41 AREA 1.eeBS 9.488

2.4231 25.485 1.4143 le.elssl5
2.533 ee 3.e373 58.97 8.4142 te.0287898

13.e93 12888. I 12.565- 963.375736 3.e473 58.978 e.eles e.l
27.328 12.472 23.47e7 9.es33943444,

CV22e Hauf - > Apes-ctmen s
- ---

; CVSee NAME -> Il01-lLEO , |Altitude VOttatt ( ltlQ4T AREA
'

AtilltoE V0ttaJE HICHT AA[Aes'eI, '2.533
IS.ess e7ts. 12.sse 773.e89872 i.9357 a.seet ,

e.324 1.8952 S.3683 4.5e275948
* 8.6923 3.3857 i 4.3683 4.59272332Cv23e Nauf -> UPP4Xms*

ALISTUDE VOLLAit | HiQ4T AREA le.les 3.5483 1.4877 e.le9884l58

15.e93 ee Cv582 NAuf -> IOT-3tEG -
67.850 SOSed. I S2.837 1838.45285 AtilIUDE VotuuE

^

H'IQ4T AREA

CV3te NAME - > 00nNCtnaEn 7.9557 e.80e0
e.324 5.8802 e.3683 13.7938455ALIl1UDE -V0tuuE litCHT AREA .

a.6923 10.16 e.3683 13.7925684
8.3272 's e.see I le.le 14.528
3.lt:2 5.5998 1.7748 3.15659525 --

'
8.4877 e.327484549

.
- - - -

le.48) 25.E868 4 7.3818 2.e5652634 CV5te NAME -> Sci-isl5E
AtilitOE VotWE HIQti AREA

C 32s HAut -> towEs-PLDanag
AtilitOE bottadC tilCHT AREA e.8187 a.eeee.

M 9.3485 0.5789 s.5288 8.49474281
0.8445 s.eece - e.8692 2.e466 a.5287 2.77605447
e.52tl 8.4842 s.4768 3.51414584 10.398 3.9454 s.S288 3.59e77BS5
8.4978 S.4838 e.476S e.39328437 18.399 3.9464 e. eel I

l.3272 7.9255 0.2298 30.835453 21.483 15.291
3.tet2 23.73E9 l.7748 e.98972492

-
II.eet 8.83893238

7.8582 32.5881 4.eS8e 2.17541232 CVSil HAut -> Sc3-IRISE
- ALIllteE VOLUuE HlQti AREA

CV34e uAuE -> CORE-CHAPe4EL
AtilIUDE VotuuE Hlott AREA e.8187 e.ecce

9.3465 9.7367 S.5288 3.28422844
3.1882 e.4

.4.sSee 4.st3 ell 34 18.398 11.838 e.5288 te.7789355
- 9.8692 4.1398 e.5287 a.32El5342

7.8592 19.937
te.399 31.839 a.sel. ,3

Cv35e NAuE -> UPPER-PLDAAI 28.483 45.873 II.est 3.e9287532
At tlitet V0ttaaf HiQti AREA --- --

7.8592 e.se
~ CVS2e HAuf -> SCl-800me

AtilitOE voluut IIICiti AREA
le.483 38.89 3.323e ll.0987424
le.51 e 37.33 e.127 S.e3937ee8 8.8117 a.900s

81.209 |s 44.884 e.599 13.1452755 9.3485 e.5789 e.5288 8.89474288
II.See g * St.487 e.373 12.9945657 9.8692 7.8465 e.5287 2.77685447
11.958 SS.37s e.374 le.39839SF le.3s8 3.sist e.s283 3.Ste77:ss
12.331 57.957 e.375 8.88266667 18.395 3.9654 e. col i

12.7e8 58.884 a.375 2.472 2s.4e3 15.298 ll.est f.e3e93238

Cv4e8 faAuf -> PRESStall2Ea CVS25 taAuC -> SC3-IDonf4
ALIllul>E YOtuuE HiQsf AJtEA AL IIIttrE VOttAAC ti3Qti AREA

-
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- Table C.1 Control Volumes Modeled in MELCOR Analysis (Continued)

e.324 e.eene- - -

Cviet swa -> CAvtly ir.SSS e. Set 2s 4.235 e.233355372
- ALIII 4st Wasset ettQts AntA 33.62e 3.350 f.e67 2.3ese74e4

25.46 49.435 82.834 3.3738909
-4.e43 e.e 27.528 St.S$e f.e64 2.34551347

ee 862.44 a.e43 26.907e942 ---- - --

7 973 237.e3 7.975 8.el37333 Cvete tamag -> O-IASSL
----- --- --- Att91WE WottAC talott AntA
Cv2Be sema( -> Low-COLP

At t t ttet WGttad HeQti AAEA 3.9888 e.ees
2.4238 25.485 1.4843 se.etsSIS

2 533 ee 3 e373 St.97 f.4542 10.0247899
tS e33 82100. 82.548 963.37579e 3.8873 St.978 s.8884 e.1

Cv22e seast -> Asas-COLE * *
27.52e 32.472 23.5747 4.96339e3444--- -

-- -- -

*At t t tWC 90LLsE tilQtt AntA Cvice tsaME -> ICI-sttG
AtttIUDC V0ttag letQti AntA

2.533 ee
13.e93 ette. 12.See 773.eett12 7.9557 e. coco .

- - - - - - - - - - - - - - - - - e.324 9.4952 e.36e3 4.502749ee
Cv23e gaand -> UPP-Cobe e.4923 3.3867 e.3803 4.59272332

At t lttJDC v0ttAE SIIQtt ARfA te.Ise" 3.54e3 8.4877 e.nestlesSe
m _ _ _ _

_ _

65.e93 e.e CVSS2 saast -> 8ei2f-3tEG
87.339 Sette. St.eSF 1838.45286 AttlIUDE WOLLEK stIQif AREA

Cv3 e saand -> DomCobatR 7.9157 e.000s
Attitude 90Ltait ettCitt AntA e.324 S.eest e.3593 i3.793sesS

e.5923 10.38 8.3503 83.792S$e4
6.3272 e see . 18.88 8e.629 8.4e77 4.327484543.

3.1092 S.1998 9.774e 3.158S9526 - ---- '-- -- -- - ---,

8e.443 20.sete 7.3ete 2.e3852434 CVSte tsaast -> Scs-IntSE
- - - . . - - - -- ---- - - - - ALIIIWC VOL LA4 IstQt! AREA

g Cw328 :aut -> 10 eta-PtDaat
g at t t ttet votts4 titQtt AREA e.est7 e,esoe

9 34e5 s.5789 9.5288 8.094742el
4.t445 a.eces 9.e592 2 e488 8.3207 2.775e5447
e 6218 5.4942 e.4768 3.It414tet 88.390 3.9454 8.S20e 3.39077834
9.e578 S.4eSe e.4765 e.3932e437 80.329 3.9484 e.sel t
3.3272 7.9253 a.2296 Is.535453 28.483 15.174 II. set t.43095238
J.telt 23.7309 3.774e e.SitF2492 -..w- - - - - --- --

7.8572 32.S$ t t 4.e500 2.875st232 CVSet Isa#E -> SC3-latSE
- - - - - Attt UDE vot tr.st EttQ'1 Aa(A

CV34e saaut -> CORE-OtAfeaEt
ALIIttet Wottet talQat AREA e.0167 0.000e

e.3teS 3.7357 e.Stes 3.28422e44
3.1882 e.e e.8692 6.33Se 0.52e7 8.32884342*7.9552 19.937 4.05e4 4.e1348134 te.39e S t.e 38 s.52ee 38.7783385

- - - -- --- 88.399 II.839 e.eet 3
Cv3Se taang -> tsPPfR-PtDana - 28.483 45.873 33.e44 3.et287532

alltitsit 90tt34 setDat A8(A - -- - ---

CVS2e essaat -> SCI-800nst
7.tS92 e.6e At t t tLOC VOt tasC tilQti AAfA
10.483 38 09 3.3238 18.e947424
80.53 37.53 9.827 S.e3937ene e 8817 e.000s

48.209 | 48.694 e.S99 83.3552755 e.3885 e S789 e $23e t.ege742eg
is.See g St.487 e.375 tr.ssesss7 s.esta a sess e.Sre7 2.nseS44 7
to SSs $$.37s - e.374 le.3903957 83.350 3 9:54 a.52ee 3.59a77tSa
12.333 S7 957 s.375 6.ee26C&S7 le 399 3.9884 a.eet e
II Fee Se_884 S.37S 2.472 28.483 83.291 -3e est f.esetS23e

,...w . .-- - - - - - - -- -a.a. u.- --- - - - - - -

Cve00 asassE -> Piti$$UnittA C%S21 Isas( -> Sc3 3 poses
Al titta( V0t ted itIQtt AR[d At talt4T %te tas[ 301Q88 ANtA
. _ . _ - . . -

.*

9
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Table C.1 Control V;lumes Modeled in MEIIOR Analysis (Continued)

-2a.e e.e
0.0117 e.e 188 8 f.ets 128.s 8333333.33
9.3405 f.7387 s.5288 3.28472844
s.8ss2 a.tsse e.5287 8.328 s342
se.398 18.83e 4.52ss te.77 tens Cvees Haut -> AcCl-Tarac

Is. ass it.e3s e.eal 3 AtilitOE votouE HIQii AREA

28.483 45.s73 :t.004 3.09287532 re.e e.s
45.s 2.Sts 25.s toeste.

cv57e HAut -> IHirRu-itEc
AtilitOE vottarE HiQti ARIA

Cvest HAME -> ACC3-TAtat
AtiliUDE VOttRIE HICHT AREA

S.S833 e scoe
S.9778 4.3085 e.3937 e.78327tS27 28.8 a.e
e.3787 1.038e e.3e37 3.0ee8778 45.0 7.5t8 25.e 364466
7.974e 2.t429 t.6ett e.tSt322237
s.5822 3.7288 8.8e74 2.4ts96477

Cvtee HAME -> RwS-TANK
s.Stt? 8.2800 9.2295 Is.757753 AtiliUDE votLAAE HiQti AREA

CvS73 Maut -> IHitRM-3tEG 78 8 88
ALitIUDE vottnaC HtCHI AREA 45.e 2.SE9 25.0 500680004

etal number of lines la the source - > 5634S.3833 0.00eg
S.9770 e.te S 4.3837 2.2898 458
8.3787 S.5080 0.3937 18.7885334
7.e748 s.4287 1.5848 s.5739E671
e.5822 :t.1864 s.6874 7.8328943
8.0887 1s.5088 S.2295 32.303268

CVS50 NAME -> CotD-stEC
ALISIUDE - V0ttasE HICtf AREA

7.3748 0.0000
8.3240 t.SSee 0.3492 4.438787e7

9 9.5758 3. tees t.2St8 t.23e21697
e

CVS89 stauC -> CotD-3tEQ
Atilit0E VCttAsE letQti AREA

7.e748 0.0300
.e.324e 4.8388 e.3432 13.3861512

S.S758 s.30ee 1.2518 3.714fSe9

CVF25 IM -> SEcoPO-SCI
AtilitOE V0ttAK HiQti AREA

1s.4786 S.8
-

. 28.8928 78.454 18.422e e.553373e
29.4385 168.2 7.5439 88.0964992

Cv72e HAJE -> SECOPO-SC3
Alf!! TOE volts 4 HiQti AREA

is.47e. . e..
28.s924 229.3e ll.422e 28.898S463
29.4355 498.68 7.5439 35.5897625

Cvns Hud -> iuR8:HE
AtilitOE V0ttAaC HIQti AREA

*

-le.e e.e
is.e t.ette 2s.e Seeeeeees

-

Cv60s Haut -> EINipciaJEHT
Att IUDE 40tt24E - tilQti AREA
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-Tatde C.2 ' Flow Paths Modeled in MELCOR Analysis (Continued)
"

,. . 'a

,

.
'

:

28 591 C0t.D-30C 591- 8.324- 1.8 1.2496 DeiIt 3 No S.73 1.8 S.S -g
""318 8.324 9.2864 Defik 8 No S.73 1.8 8.9497

29 738 SC1-STOUT 725 29.4365- - S.S S.5837- S.8621 8 SPARC. 1.8 1.8 S.S CF735
S.S CF735749 ,18.8 36.5988 'S.8621 SPARC 1.8 1.5 i

38 731 5C3-5700T 726 29.4365 - S.S 1.7511. 2.5863 S SPARC 1.8 1.8 S.8 CF745 -

748 -18.8 36.5988 2.5863 SPARC 1.8 1.8 S.S CF745
31 888 ACC-1 SSS 28.8 S.S , S.8881 S.1 2 No S.5 1.8 S.8 CFTrp

589 7.9748 18.3 S.5 8 No S.5 1.8 8.8 888*

32 891 ACC-3
'

981- 28.8 S.S 8.8243 S.1- 2 No S.5 * 1.8 - S.S CFTrp.
*

- .
~

581 '7.9748 18.3 S.5 8- No S.5 1.8 0.8 858 -

- 33 989 HPI-1~ 988 29'.S 9.8 S.8881 S.1 2 No -1S.S 1.9 ,
S.S CFTrp FANA-

588';7.9748 39.8 - S.5 1 No S.S 1.8- S.S 988
1.8 .',0.8 CFTrp FANA~34 981 HPI-2- : 989 29.9 - S.S - S.8243 , S1 2 No S.S --

f
581 ~ 7.9748 - 38.8 S.5 1 No S.S 1.8 - S.S - 918.

S.S CFirp FANA35 958 CHARCE-PUr1 989 29.8: S.S 8.8846 . 8.1 2 No S.8 1.8
, .S.8. 958588 7.9748. 38.8 S.5 1 . No S.S 1.8.

35 951 CHARGE-PtAP2 989 29.8 S.S S.8138 S.1 2 - No S.S 1.8 -S.S CFTrp FANA
581 7.9748 .38.8 S.5 1 No S.S 1.8 S.S 968 ^

. ,

~
.

.
.

89tE
i:

Z . = Elevation, m
Open F = Fraction of flow path open . . .

'

. Z open = Trom and To" junction Row path opening height, m
Type Act = Type of Row path (0 = norunal vertical flow,3'= normal horizontal flow)
Bub = Trom and To","r:^":- bubtdo rise switch (0 = no bubtde,1 = SPARC model)
FMC = Torward and Reverse" loss coefficient

'

' *Chok p Torward and Reverse" choked flow discharge coefficient -
Vint . = Initial ^_ :g"_::e and pool ;::::y, M/S ;
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Table C.3 Heat Structures Modeled in MELCOR Analysis

utLCOR - HEAT STRUCTURE INPUT
Proble. Ti t le --> ' ZION SMALL PIPE BREAM 2.5 * 4 INTERuEDIATE LEC'
.... --- ----- ---. e

| Heat $tracture | Saandary Surf ace (Lef t/Right) |
+-- -... . ~ .- - .- . . ... - ~ .- - . +- . +-- 8adIatIen -.

1[ Weber Haee [Ned) Cael Alttt. ]Drien| b it |$| Vel | Coed [Fle | Area | Chr.L | 02 | Emiss| Rad Medl
.--.--- --.t . - - - + . . . - + - + - . .

- . . . _.
1 teest CONTAINWENT CYL * 7 CYLN 2.533 Vert 1.8 H 228 1 EXT 1482.8 16.8 12.55 8.8 He Rad

6 - - = 0.8 No Red
2 2 scal CONTAINuENT CYL 7 CYLN 15.893 Vert 1.s N 238 1 EXT 58s7.8 49.2 47.711 8.8 No Rad

s - - - 8.4 No Red
3 tees 2 CONTAIHW 00uE 7 RECT 82.844 Nr 1.8 H 238 1 EXT 1811.81 42.672 42.672 S.S -No Rad

8 - - - 8.8 He Rad
4 19063 CONTAINW FLOCR1 8 RECT 2.2282 Herz 1.8 N e - - - 8.8 No Rad

. 218 1 EXT 897.53 28.15 28.15 s.s No Rad
5 2ees3 CONTAINM FLOOR 2 8 RECT 2.2282 Wrs 1.8 N 8 -- - - 8.8 He Rad

228 1 EXT 535.31 13.e5 13.e5 s.s No Rad
a tees 4 REACTOR CAYITY 5 CYLH -6.e43 Vert 1.8 N 188 a 1 EXT 385.24 8.94 14.9 0.8 No Rad

4 - - - S.8 No Rad
7 lee 55 CAVITY FLOOR 5 RECT -6.e43 Hera 1.8 N tes 1 EXT 37.9 6.94 6.94 S.S No Rad

S S.8 No Rad- - -

8 19885 CRANE WALL 8 RECT 2.533 Vert 1.8 H 21e 1 EXT 12s2.5 25.12 12.56 8.8 He Rad
228 1 EXT 12e2.5 25.12 12.56 s.e No Red

e 2 sees CRANE WALL 8 RECT 15.893 Vert 1.8 N 238 1 EXT 227.45 4.75 2.3752 s.s H. Red
238 1 EXT 227.40 4.75 1.3752 8.8 He Rad

is 1eee6 OPERATING DECK 8 RECT 18.8778 Hera 1.8 N 238 1 EXT 232.2575 28.515 29.515 0.8 h Red
. . 238 1 EXT 232.2575 28.515 28.515 S.s No Rad

il lees? SHIELD WALLS 7 RECT 2.533 Vert 1.8 N 219 1 EXT 273.45 7.89 12.56 s.8 He had
218 1 ext 273.45 7.e9 12.55 e.s No Rad

12 2eeef SHIELD WALLS 7 RECT 15.391 Vert 1.9 N 238 1 EXT 51.71 1.34 2.3752 8.9 No Red
238 1 EXT 51.71 1.34 2.3752 s.8 W Red

() 13 leses REFUELING CANAL 4 RECT 1s.61 Vert 1.s N 21e 1 Exi 857.38 4.3e8 4.483 se W Rad*
, 8 - -- - e.s b Red
94 14 2eest REFUELING CANAL 4 RECT 15.993 Vert 1.8 N 239 1 EXT 829.99 3.161 3.2894 S.S He Rad

8 --- - -- 8.8 No Rad
15 tece9 STEEL STRUCT. I 4 RECT 18.s778 Wes 4.8 N 23s 1 ext 588.644 4.88 48.193 5.8 He Rad

23e 1 ext 58s.644 4.es 48.193 s.8 He Rad
18 1este STEEL STRUCT 2 5 RECT 3.0 Vert 4. H 21e 1 EXT 568.98 8.8 12.39 s.S No Red

215 1 EXT 568.98 8.s 12.e9 S.8 No Rad
17 2este $ TEEL STRUCT 2 5 RECT 3.8 Vert 4. N 228 1 EXT 560.96 8.0 12.89 0.8 h Bad

22s 1 EXT 568.98 8.8 12.89 5.5 No Rad
18 19811 RPV LP-CYL 7 CYLH 7.4896 Vert 1.8 N 319 1 INT 44.1888 3.3004 3.eest 3.8 No Rad

S --- --- -- S.S h Rad
19 f eelt RPY LOW-CYL 7 CYLH 1.3272 Vert 1.9ff318 1 INT 69.3814 5.8259 5.8259 S.8 He Rad

8 -- --_ ~ 8.8 h Red
28 19815 LFPLEN COL 1444S 2 CYLN 7.1592 Vert 189.9 N ase 1 EXT 3.321 s.1651 5.5488 s.S He Rad

?*e 1 EXT 3.321 S.1995 5.5488 S.0 h Rad
21 18818 UPPLEN PLATE 6 RECT 10.483 Hera 1.8 N 358 1 EXT 15.1652 4.3942 4.3942 S.8 No Rad

358 1 ext 15.1652 4.3942 4.3942 e.g He Rad
22 19617 UPPER HEAD 7 HSUP 18.04 -- 1.5 N 358 1 INT 31.5 2.2392 2.2392 S.9 He Rad

8 - --- - 8.8 He Bad
23 18818 THERMAL SHIELD 4 CYLN 3.1812 Vert 1.8 N 319 1 INT 57.825 S.1524 4.572 8.8 No Rad

31e 1 EXT 59.832 S.2286 4.572 8.8 No Rad
24 5e813 CDR BARREL-LP 4 CYLN 7.1592 Vert 1.8 N 358 1 INT 39.8536 e.415 3.32 e.8 He Rad

* 3ie 1 EXT 41.8958 S.5207 3.32 9.9 No Rad
25 43813 CDR BARREL-3 . 4 CYLH 3.1812 Vert 1.8 N 328 1 INT 47.9245 4.858 4.858 8.s He Rad

als 1 Exi 49.3818 4.858 4.958 8.8 No Red
25 30813 CDR SARREL-2 4 CYLN 1.3272 Vert 1.8 N 329 1 INT 29.9597 1.774 1.774 S.S He Rad

als 1 EXT 21.5877 1.774 1.774 e.s He Rad
27 28913 CDR SARREL-1 4 CYLN 8.1445 vert 1.8 N 329 1 INT 13.9475 1.1837 1.1827 a.8 No Rad

's
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TSble C.3 Heat Structurm Modcled in MELCOR Analysis (Continued)

328 1 EXT 14.3922 1.1827 1.1827 8.8 He Red

29 19943 CCR SAFFLE-s 4 CYtH 3.1812 Vert 1.8 N 348 1 INT 8.5379 S.8598 S.8598 8.8 He Red
328 1 EXT S.5555 S.85Se 0.8588 8.8 No Rad

29 18844 CDR SWFLE-7 4 CYtH 3.1528 vert 1.8 N 348 1 INT 7.7458 8.73152 8.73152 ~8.8 He Rad
328 1 EXT- 7.e336 S.73152 8.73152 S.S He Rad

38 19845 CDR BAFFLE-3 4 CYLN 3.88152 Vert 1.8 H 340 1 INT 7.7455 S.73152 S.73152 S.8 W Rad
328 1 EXT 7.s315 S.73152 S.73152 8.8 W Rad

31 18846 Cor. BAFFLE-9 4 CYtN 4.61584 Vert 1.8 N 348 1 INT 7.7458 8.73152 S.73152 S.8 No Rad
328 1 EXT 7.8338 8.73152 S.73152 S.8 He Rad.

32 18847 CCR BAFFLE-11 4 CYLN 5.34556 Yert 1.8 N 348 1 INT 3.7455 8.73152 S.73152 - 8.8 He Rad

. 328 1 EXT T.8336 S.73152 S.73152 8.0 He Rad

33 18843 CDR BAFFLE-11 4 CYLH 6.87088 Vert 1.8 N 348 1 INT 7.7456 S.73152 S.73152 S.8 He Red
328 1 EXT 7.s335 8.73152 8.73152 8.8 He Rad

34 18849 CDR BAFFLE-12 4 CTLN 8.8895 Vert 1.8 N 348 1 INT 3.1648 S.2988 8.2988 8.S He Rad
328 1 EXT 3.1648 S.2988 8.2968 8.8 No Rad

35 18854 UPPER COREPLATE 3 RECT F.1084 hr: 1.8 N 348 1 EXT 11.899 3.7592 3.7592 S.S He Rad
358 1 EXT 11.899 3.7592 3.7592 S.S He Rad

28 28854 LOWER CCREPLATE 3 '2CT 3.1812 Hers 1.8 N 328 1 EXT 11.999 3.4e87 8.8598 S.S He Rad
348 1 EXT 11.899 3.4887 8.8598 S.8 He Rad

37 38854 LOSER COREPLATE 3 RECT 1.3272 Her 1.9 N 328 1. EXT 11.899 3.4887 S.2215 0.8 He Rad
328 1 EXT 11.899 3.4807 S.2235 8.8 He Rad

38 19819 PIPE HOTLEG 4 CYLN 7.9551 Her 1.8 N ESS 1 INT 19.8441 8.7368 8.2296 S.8 No Rad
- - - S.S Na RedS

39 19821 LtMP HCTLEQ PIPE 4 CYLN 7.9557 Her 3.8 N ES2 1 INT 19.8441 S.7366 S.2296 S.8 No Rad
- -- - S.8 No Red0

1.8 N SIS 1 INT 7.9173 1.5875 1.5e75 S.8 He Rad
48 18822 SG IltET PLEN 5 HSLT 4.8117 --

- - - S.S No RedS

41 18825 $4 OUT1. PLEN' 5 HSLT 3.8117 1.8 N 828 1 INT 7.9173 1.5875 1.5875 S.S No Rad
S.S W Rad8 - -- ---

42 18828 LtMP50 IM. PLEN 5 HSLW 8.8117 3.8 N 511 1 INT 7.9173 1.5375 1.5875 S.S No Rad.

- -- - 8.8 No Red8

O 43 18829 LMPSG OUT PLEN 5 HSLW 8.5117 3.8 H 521 1 INT 7.9173 1.5e75 1.5375 S.S N. Red
- - --- S.S He Red8*

W 44 18838 PIPE-INTERM 4 CTLN 5.5033 Hera 1.8 N 578 1 INT 12.5537 S.7879 9.4755 S.S Po Rad.

- - - S.S No Red4
45 18831 LLMP PIPE-INTER 4 CYLH 5.58433 Hera 3.8 N 571 1 INT 12.5537 0.7974 S.4756 S.S h Rad

- -- - S.8 No RadS

45 18832 PIPE COLDLEO 4 CYLN 7.98 Hers 1.8 N ESS 1 INT 4.36 S.7874 s.Se S.8 No Rad
S - - - S.S He Rad

47 19833 LtMP PIPE COLDLEO 4 CY1.H 7.98 Herr 3.8 N 531 1 INT a.38 8.7874 s.Se 8.8 No Rad
-- - - S.8 No RadS

4e 18834 TUBESHEET-IN 5 RECT 18.4796 Hora 1.8 N 518 1 INT 2.9274 1.5875 1.5875 S.S He Rad
*

725 1 EXT 2.9274 1.5875 1.5875 8.8 He Rad

49 18835 TUBE $HEET-007 5 RECT 18.470s hen 1.8 H 529 1 INT 2.9274 1.5875 1.5375- 8.8 No Rad
725 1 EXT 2.9274 1.5875 1.5875 S.S No Rad

58 19838 LtMP HTUBESN-IN 5 RECT 18.4786 Hers 3.8 H 511 1 INT 2.9274 1.5875 1.5875 S.S No Rad
726 1 EXT 2.9274 1.5875 1.5375 S.S No Red

El 18837 LtMP 1USESN-0UT 5 RECT 18.470s Her: 3.8 N 521 1 INT 2.9274 1.5875 1.5875 S.8 He Rad
725 1 EXT 2.9274 1.5875 1.5875 S.S He Rad

52 18838 VBARR SC-SEP 4 RECT 3.5117 Vert 1.8 N 518 1 INT 3.9587 1.5875 1.5875 S.S No Rad

.
528 1 EXT 3.9587 1.5575 1.5875 8.8 No Rad

53 18839 LtMP-VSAR-SCSEP 4 RECT 3.8117 Vert 3.8 N 511 1 INT 3.9587 1.5875 1.5875 8.8 No Rad
- 521 1 EXT 3.9587 1.5875 1.5875 S.8 He Rad

54 18858 SURGE LINE 2 CYLH 8.325 Hors 1.8 N 488 1 INT 13.9114 8.2042 15.581 S.8 No Rad
8 -- --- - S.S He Rad

55 18851 PRES $URIZER 4 CYLN 12.5 Vert 1.8 N 488 1 INT 188.54 2.1335 15. S.8 No Rad.

0 - -- -- 8.8 No Rad

54 18852 RELIEF LINE 2 CYLN 1.15 Vert 1.,8 N 410 1 INT 14.5515 S.1421 26.37 9.8 No Red
- - --- S.S No RedS

57 18853 RELIEF 7AfM 4 CY1.H S.9872 Hera 1.8 N 418 1 INT 72.32 2.82s5 e.13a2 8.8 h Rad
8 - - -- S.S He Red

'.
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T8ble C.3 Heat Structurm Modeled in MELCOR Artalyslo (Continued)

725 1 EXT S.8642 S.9939 S.9939 S.S He Red
89 EceS3 SC-Do h TUBE-3 4 CTLN 12.4504 Vert 3388. N 528 1 IN7 4.9642 S.9939 8.9939 8.5 No Red

725 1 EXT S.8642 8.9939 S.9939 0.8 No Rad
SS 5eS84 SC-DC E TUBE-4 4 CYLN 13.4523 Vert 3389. N 528 1 IIIT S.8642 S.9939 8.9939 S.9 He Red

725 1 EXT S.9642 S.9939 S 9939 S.S He Rad
91 58e85 SC-00 h TUBE-5 4 CYLN 14.4462 Vert 3388. N 525 1 INT S.8642 S.9939 S.9939 8.8 No Rad

725 1 EXT 3.8642 S.9939 8.9939 8.8 No Red
92 58886 SG-DowN-TUBE-4 4 CYLH 15.4401 Vert 3388. N 528 1 INT S.8642 S.9939 S.9939 0.8 fie Rad

725 1 EXT S.8642 S.9939 S.9939 8.8 He Rad
93 58887 SG-D0 h TUBE-7 4 CYLN 16.4348 Vert 3388. N 820 1 INT S.8642 8.9939 S.9939 - S.8 No Rad

725 1 EXT S.8642 S.9939 8.9939 S.S No Red
94 SSSe3 SG-DowN-TUBE-S 4 CYLN 17.4279 Vert 3388. N 528 1 INT 3.8642 0.9939 8.9939 8.8 He Red

725 1 EXT S.8642 S.9939 S.9939 8.8 He Rad
95 58889 SG-DOW-TUBE-9 4 CYLN 18.4218 Vert 3330. N 528 1 INT S.8642 S.9939 8.9939 S.S No Red

725 1 EXT S.8642 S.9939 S.9939 S.S No RaJ
96 SeSIS SG-DOWN-TUBE-te 4 CYLN 19.4157 Vert 3388. N 528 1 INT S.8642 8.9939 S.9939 8.8 He Rad

725 1 EXT S.8542 S.9939 8.9939 8.8 No Rad
97 ESS11 SG-00 h TUBE-11 4 CYLN 28.4896 Vert 3383. N 828 1 INT S.8642 S.9934 S.9934 4.8 He Rad

725 1 EXT S.8642 S.9934 S.9934 S.S No Red
98 68881 SC-RISE-TLBE-L1 4 CYLN 18.4786 Vert 19164. N $11 1 INT 8.5642 S.9939 9.9939 8.8 No Rad

726 3 EXT 8.8642 S.9939 S.9939 S.S No Rad
99 68eS2 SG-RISE-TLSE-L2 4 CYLN 11.4645 York 19164. N 511 1 INT S.5642 S.9939 8.9939 S.S No Rad

726 1 EXT S.9642 S.9919 8.9939 S.8 No Rad
198 65583 SG-RISE-TUBE-L3 4 CYtM 12.4594 Vert 18164. N 511 1 INT S.8642 S.9939 - S.9939 8.8 No Red

726 1 EXT 3.8642 S.9939 8.9939 S.S No Rad
191 68884 SG-RISE-TUBE-L4 4 CYLN 13.4523 Vert 18164. N 511 1 INT S.8642 S.9939 9.9939 S.S He had

726 1 EXT S.8642 S.9939 8.9939 8.8 He Bad
182 SeeSE SG-R13t-TUBE-L5 4 CYLN 14.4462 Vert 19164. N 511 1 INT S.8642 S.9939 S.9939 0.8 He Rad

726 1 EKT S.8642 S.9939 8.9939 0.8 No Rad
183 68886 50-RISE-TUBE-L6 4 CYLN 15.4481 Vert 18164. H 5tt 1 INT S.8642 8.9939 8.9939 8.8 N Rad

726 1 EXT S.8642 8.9939 S.9939 8.8 No Radp
184 69587 $0-RISE-TUBE-L7 4 CYLN 18.4348 Vert 18164. N 511 1 INT S.8642 0.9939 S.9939 S.S No Red,

vi 726 1 EXT S.8642 8.9939 S.9939 S.S No Rad
185 68888 $0-RISE-TUBE-LS 4 CVLH 17.4279 Vert 18164. N 511 1 INT 5.8642 S.9939 S.9939 8.8 No Rad

726 1 EXT 8.9642 S.9939 8.9939 8.9 No Rad
186 SSSSS SG-RISE-TUBE-LS 4 CYLN 18.4210 Vert 18164. N 511 1 INT S.8642 S.9939 8.9939 8.8 He Rad

726 1 EXT S.8642 8.9939 8.9939 S.S No Red
107 SeS18 SC-RISE-TUBE-LIS 4 CTtM 19.4157 Vert 18164. N 511 1 INT S.8642 8.9939 S.9939 0.8 No Rad

726 1 EXT 8.8642 S.9939 S.9939 S.S He RaJ
ISO 68831 SC-RISE-TUBE-L11 4 CYLN 26.4896 vert 18164. N 511 1 INT S.8642 8.9934 S.9934 4.4 No Rad

726 1 EXT 8.4642 S.9934 S.9934 8.8 He Rad
189 78881 SC-DC E TUBE-L1 4 CYLN 18.4786 Vert 18164. N 521 1 INT S.8642 8.9939 S.9939 0.8 He Rad .

726 1 EXT 3.8642 S.9939 8.9939 0.8 He Rad
110 7eSS2 SG-00ee-TUBE-L2 4 CYLH 11.4645 vert 18164. H 521 1 INT 9.8642 S.9939 S 9939 S.S Na Rad -

726 1 EXT S.8642 S.9939 S.9939 8.8 Na Rad
111 78983 SC-00 h TUBE-L3- 4 CYLN 12.4584 Vert 18164. N $21 1 INT 4.8642 S.9939. S.9939 S.S No Rad

726 1 EXT S.8642 8.9939 S.9939 S.9 No Rad
112 78584 SG-D0 h TUBE-L4 4 CYLN 13.4523 Vert 19184. N $21 1 INT S.8642 8.9939 8.9939 0.8 No Red

'726 1 EXT S.8642 8.9939 S.9939 8.8 No Red
113 788e5 $4-00 h TUBE-L5 4 CYLN 14.4462 Vert 1e164. H 521 1 INT S.8642 8.9939 8.9939 8.8 No Rad

726 1 Eri S.8642 S.9939 S.9939 8.8 No Rad
114 78686 50-DD h TUBE-L6 4 CYLN 15.4481 Vert 19164. N 521 1 INT S 8642 8.9939 8.9939 S.8 No Rad

726 1 EXT S.8642 S.9939 8.9939 8.8 No Rad
115 78e87 SG-00hTUBE-L7 4 CYLN 16.4348 Vert 18164. N 821 1 INT 5.8642 8.9939 S.9939 S.S No Rad

* 726 1 EXT S.8642 8.9939 S.9939 S.8 No Rad
116 78688 SG-D0 h TUSE-LS 4 CYLN 17.4279 Vert 18164. N 521 1 INT S.8642 S.9939 8.9939 S.S He Rad

726 1 EXT 8.8642 8.9939 S.9939 S.S No Rad
117 - 78999 30-D0aN-TURE-L9 4 CYLN 10.4210 Vert 19164. N 821 1 INT S.9642 S.9939 8.9939 S.8 No Rad

728 1 EXT 3.8642 8.9938 S.9939 0.8 No Red
lit 78818 30-00 h TUS$ L18 4 CTLM 18.415F vert 19164. N 621 1 INT S.8642 S.9939 8.9939 8.8 No Red

726 1 EXT S.8642 S.9939 S.99st - S.S N. Red

'.
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Table C.3 Heat Structures Modeled In MELCOR Analysis (Continued)

119 7e011 SC-DOWN-TUBE-Li1 4 CYl.N 20.4896 Vert 18164. H 521 1 INT S.9642 8.9934 S.9934 8.8 No Rad
726 1 EXT 8.e642 8.9934 8.9934 8.8 No Rad

*

MELCOR - HEAT STRUCTURE CAS' SOURCES INPUT
,+-_.-- *

|| Heat Structure Cas Source ,

,
, ,

+ - - + - + : + . - :, +- -
, *.
| l| Number | Release Surface-| Nod |Cas Namel.DensitylHt.cf React | T low | T upp i

*

,_...-._,._ _ .. +-, ,- -, -, , , ,
*

;1 11881 10001 ( lef t ) 4 H20-VAP 96.14 1.888E6 368.8* -38e.e . .
*-

2 -12 eel 10001 ( left ) 4 CO2 459.8 6.912E6 See.s 528.e . . ' .
*' *

3 21est 20001 ( left ) 4 H20-VAP 96.14 1.888E8 368.8 388.8 j*
4 22881 200e1 ( . lef t ) 4 CO2 489.8 6.912E6 50s.8 528.8

-

"'

5 11002 ' 10002 ( - lef t ) 4- H20-VAP 96.14 1.888E6 368.8- 385.8 ,'

* - 6 12002 200e2 ( left ) 4 CO2 489.9 6.912E6 See.8- 528.s .
''

7 11083 18683 ( rIght ) 7 H20-VAP 93.6 '1.8e8E6 368.8 386.6 .

8 12003 leses ( right ) 7 H20-VAP 46.8 6.912E6 568.8 528.8
9 13083. lees 3 ( rIght ) 7 CO2 489.8 6.912E6 500.8 528.8 ,

le 21ee3 - 2eee3 ( right ) 7 H20-VAP 93.6 1.888E6 368.8 388.s
11 22ee3 2eee3 ( rIght ) 7 H20-VAP 46.8 6.912E6 See.e. 528.8
12 23es3 2eees - ( right ) 7 'CO2

.

489.8 - 6.912E6 588.8 528.8

13 11005 leses ( -lef t ) 7 H20-VAP 96.14 1.888E6 366.0 385.e

12c05. - 18005 ( lef t ) 7 CO2 489.8 6.912E6 See.S 528.8
4(145 21ees 2eees ( left ) 7 H20-VAP 96.14 1.808E6J 36e.8 388.8

- 96 22e85 20005 ( lef t ) 7 CO2 - 489.8 6.912E6 568.8 528.8
17 11ee6 15006 ( left ) 7 H20-VAP 96.14 1.888E6 368.8 388.e

18 12ee6 tee 86 ( left ) _7 - CO2 469.8 6.912E6 See.e 528.8
19 11ee7 19687 ( left ) 6 H20-VAP 96.14 1.Se8E6 368.8 '388.8

4e9.8 6.912E6 '588.8 528.82e 12ee7 '20ee7 ( lett ) 6 CO2
.

96.14- 1.8e8E6 366.8 38e.e '21 21eer 2eee7 ( left ) 6 H20-VAP
22 22e8T 20e87 ( left ) 6 .CO2 469.8 6.912E6 588.8 528.8

.

Note:

S = Internal power source distribution in the heat structure. -

cond = Eoundary condition type;
O for a symmetry (insulated)
1 for e convective boundary condition

FLOW = Type of flow over boundary surface of heat structure -
Radiation = Boundary surface radiation data;

Emiss for emissivity of the surface -

_

Rad Mod for radiation mode of the surface:
*EQUlV BANDior ORAY GAS A* or no radiation applied.
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3. MAAP does not consider the bypass channel in the core region; MEl.COR includes it in the lower -
plenum region.

4. MAAP has a more detailed modeling of the second side of the steam generators; MELCOR uses a
single nodalization for the secondary side of the steam generator.

5. MAAP connects the secumulators directly to the downcomer (i.e. lower plenum); MELCOR
connects the accumulators to the cold leg.

6. MAAP represents the auxiliary building by four nodes; the auxiliary building is not modeled in the
MELCOR analysis.

MAAP uses fixed nodalization for the primary system and containment. The user can specify the nodalization only in
the auxiliary building. MELCOR does not have any specific nodalization; the nodalization used in the analysis was
selected mainly to match that used in the MAAP analysis. However, considerations were given to reduce the
computing time and the potential for numerical instability. A systematic study on the effect of nodalization en
MELCOR predictions has not been performed.

MAAP also has a different treatment of the reactor core than MELCOR. .MAAP assumes that the PWR core
consists of only fuel rods and coolant flow channels. Structures and control rods are not included. The pellet and -

clad are lumped together and are represented by a single average temperature. In the analysis, MAAP divided the
core into 7 radial rings and 10 axial segments. This nodalization is finer than that used in MELCOR. However, in
the lower plenum, only one node is considered in the MAAP analysis. A single penetration is modeled in the lower
plenum.

MAAP also models the containment failure anil leakage in the annular compartments as MELCOR does. The
failure area, leakage area, and the failure pressure in MAAP are tLe same as that in MELCOR. However, MAAP
uses normal containment leakage throughout the analysis.

MAAP/PWR has 78 input model parameters. The values of these parameters, recommended by the Sensitivity Study
Guidance Document [1], were used in the MAAP analysis.

4 Initial Conditions

The initial inventory of water, UO , Zr, structural materials, fission product materials, and the radial and axial power2

distributions in the core region, used in MAAP and MELCOR are compared in this section to ensure that the
analysis is based on similar initial conditions.

The initial water inventory in the primary system and its distribution in the reactor vessel and coolant loops are given
,

below:

MELCOR MAAP

Primary System ,229,150 IL 224,540 Kg

Reactor Vessel 100,870 111,400

Loop .-- 128,280 1 0,100 )
i

Although the total water mass in the MELCOR analysis is only about 2% more than that used in the MAAP |
analysis, MELCOR has about 10% less water in the reactor vessel and 12% more in the coolant loop. The !

difference in the water distribution is caused by differences in the water density computed by the initial pressures and
temperatures specified for the primary system. MAAP assumed a uniform pressure and temperature distribution in
the primary system, while MELCOR assumed a variation of pressures and temperatures based on the normal /
operating conditions. However, the small difference in the initial water distribution may not have a significant effect
on a transient behavior, as the flow will be reestablished based on the transient mass and energy balance.

C 19



In the pressurizer, both codes have the same total mass:

L MELCOR MAAP

. ' Water 10,523 Kg 10,413 Kg

Steam 3,426 3,542

Total 13,949 13,955

In the seconda7 side of the steam generators, MELCOR has less inventory as shown below:

MELCOR MAAP

Water / Unit 33,560 Kg 37,000 Kg

Steam / Unit 3,560 4,460

The 10% smaller inventory of water in MELCOR would affect the decay energy removal from the primary system.

A comparison of the core inventory is given below:

MELCOR MAAP

Kg % Kg %

UO 98,250 78.6 98,250 82.9

Zr 20,207 16.0 20,207 17.1

Stainless Steel 2,450 2.0

Control Rod 4,280 3.4

Total 125,195 100.0 118,457 100.0

Both codes have the identical inventory of UO and Zr. The MAAP code does not model the stainless steel and2

control rod. These materials are included in the MELCOR analysis as additional heat sinks and are included in the
core debris. Because of the small quantity (5.4%) of these materials, they are not expected to significantly affect the
overall core meltdown.

In the lower plenum, MELCOR models structures in three axial nodes. The total masses are given below:

Axial Node Structure ' Mass, Kg -

6 Lower Core Plate 3,712 -

5 Diffuser 2,784

3 Bottom Support Plate 16,332

In MAAP, the mass of the lower core plate (3,712 Kg) is specified in the parameter file for the core support plate.
Masses of the other two structures (diffuser and bottom support plate) are not included in the MAAP analysis. All
materials in the core and lower plenum regions modeled in both MELCOR and MAAP can be relocated downward -
during the core meltdown phase and can be ejected to the cavity at or after penetration failure. .

Becadse of differences in nodalization, the axial and radial power distributions modeled in the two codes cannot be
compared directly. In MAAP, the active fuel has a length of 3.56 m (140.2 in) and is divided into 9 segments. The
peaking factor of each axial segment is user-specified. In MELCOR, the active fuel has a length of 3.6576 m (144 in)
and is divided into 5 segments. The MELCOR input file specifies the relative power density of these axial segments.
To compare with MAAP, the specified relative power densities that are specified by MELCOR are normalized and

i
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'

, az s

%> .. . . .

,. . , , . 9i converted intipeaking power factors as showa in Figure C.S. N' comparison in Figure C.5 shows thic there are
'

'' ,

.,3 .

- -'
f, | differences in the axial peaking power factors used in the twn' codes.L '

'

'

_

Peaking Factors."
,

n

'
e JL Jk '.;

.t

6 0 0 10'

\,

, n n'
-

0.720 9 u

5 0.409 -

00.949 8.

. '4 1.090 1.060 7
'

.

2 2 ti_ b
1.127 6 g .h -

, e

! h h- K E
M M ~3 1.419 1.'220 5 K D.j

1.280 :4

2 1.309 ')
1.305 3

1.195 2
1 0.774

0.753 1
2r ,r ,, ,, .

'MELCOR MAAP
Figure CJ Nodalization and Peaking Factor of Feel Red ;

-

For the radial power distribution, MELCOR requires the input of volume fraction and power fraction for each'of the
'

radial rings. The power fractions of the 4 radial rings used in the analysis of MELCOR are converted into radial :
peaking factors as shown in Table C4. . M analysis of MAAP has 7 radial rings.L N volume fractions and radial'
peaking factors of these are compared in Table C4. N radial power distribution modeled in the two codes is ..

dapproximately comparable. ; For example, the radial ring No.1 in MELCOR is approximately equivalent to the .
combination of rings No.1 and 2 in MAAP. N radial ring No. 2 in MELCOR is approximately equivalent to the
sum of rings No. 3,4,' and 5 in MAAP.

' '

,

,

,

The axial and radial nodalization and power distribution are expected to aficct the timing and behavior of fuel
melting and relocation. ;

Tables C.5 and C.6 show the fission product inventory used in MELCOR and MAAP, respectively. Because the two:-
.

codes use different cla==ifications for the fission product groups, the masses are not directly compared.' In MELCOR, :
Cs (Class 2) and I (Class 4) are combined together to form Cs! and CsOH. The Cal group is referred to'as Cass 16 q

in MELCOR and can be compared to Class 2 in MAAP. b CsOH group is referred to as Class 2 in MELCOR .' j

and can be compared to Class 6 in MAAP.
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Tcble C.4 Radial Power Distdbutloa

.MELCOR
,

Radial Ring Volume Fraction Pour Pealdag
~

I; Fraction Factor
,

,

1 0.16 0.1758 1.136

2 0.48 0.5232 1.127

3 0.17 0.1561 0.949
'

4 0.19 0.1449 - 0.788

Total 1.0 1.0 4.0 -

MAAP,

Peaking Factor

Radial Ring Volume Fraction input Normallied ;

1 0.081 1.0974 1.146

2 0.102 1.0900 1.138 '

3 0.143 1.140 1.190 '

4 0.160 1.05 1.096

5 0.169 0.904 0.944

6 0.170 . 0.762 0.796-

7 0.175 0.660 0.689

Total 1.0 6.7034' 7.0 ' ,

Note: Ring No.1 is the inner ring.
Ring No. 4 (or No. 7) is the outer ring.
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Tcble C.S Fission Product I ventory 13 MELIOR

Class Name Representative Core Inventory. Kg

1. Noble Gas Xe,Kr. 345.0

2. Alkali Metals Cs 1923

3. Alkaline Earths Ba,Sr 151.4

4. Halogens I 14.9

5. Chalcogens Te 303

6. Platinoids Ru 212.9

7. Early Transition Elements Mo 251.1

8. Tettavalent Ce 443.1

9. Trivalents La 411.1

10. Uranium U 86,000

11. More Volatile Main Group Cd 1.0

12. Less Volatile Main Group Sn 5.7

13. Boron B 0

14. Water H0 0

15. Concrete 0-

Note: In MELCOR, Cs (Class 2) and I (Class 4) are combined together to form Cs! and CsOH. ;

Tbc CsOH group is referred to as Class 2, and Cs! as Class 16.

. . -

O

,
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! Table C.6 Fission Product inventory in MAAP
(.
b

I Fission Product Species Core Inventory, Kg
..

1. Noble Gases and Radioactivity inert Aerosols 345.0

i 31.82. Cs! + Rbi'

03. Te O2

78.74. SrO

5. moo 267.5
2

6. CsOH + RbOH 213.4

97.27. Ba0

530.60 + Nd 0 + Sn2O + 1/2 030 + Pr28. La2 3 2 3 33

9. CeO 229.2
2

10. Sb 1.05

32.811. Te2

98,937UO + N O + PuO2 ,
,12. 2 P2

5 Discussion of Results

5.1 Primary System Thermohydraulics

MELCOR Analysis

The primary system pressure is illustrated in Figure C.6. The major features of the pressure plot are as follows: a)a
rapid depressurization from 15.6 Mpa to about 7.5 Mpa within about 1000 seconds as a result of the sudden opening
of the break area; b) a gradual decrease of pressure from about 1000 seconds to about 3200 seconds due to the
continuous loss of coolant and water boil-off; c) an increase of pressure due to the activation of accumulators from
about 3200 seconds to 4500 seconds; d) a small rise in presures followed by a decrease between 4500 to 10,500
seconds due to reheating in the core iegion after terminating accumulator injection and continuous loss of coolant; c)
a spike in pressure at about 11,000 seconds caused by fuel relocation into the lower plenum, followed by rapid .

'

depressurization and penetration failure. Each of these features will be discussed in more detail.

Figure C.7 shows that MELCOR predicted water flowing out of the break area initially at about 144,000 Kg. This
quantity of water occupies about 230 m' to 190 m' when water density is evaluated at 15.6 Mpa and 7.5 Mpa,
respectively. Consequently, there is a rapid decrease of water level in the upper plenum and in the core region' as
shown in Figures C.8 to C.9. In the upper plenum, the water is depleted completely at about 460 seconds.. At the
same time, water in the core region decreases to a level near the bottom of the active fuel (4 M). However, the
water levels are quickly recovered as a result of flow recirculation in the reactor vessel and in' the coolant loops.
Figure C.10 shows a pattern of natural circulation in the reactor vessel, i.e, Gow moves downward from the upper
plenum through the bypass channel to the lower plenum, and then from the lower plenum, flow moves upward
through the core channels to the upper plenum. A positive downward flow from the downcomer to the lower plenum
also is shown in Figure C.10, although a large flow oscillation is predicted in this region.
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The flow pattern in the unbroken loop is shown in Figure C.11. MELCOR predicted a large flow oscillation during
the first 1500 seconds. There are two periods during which flow reversal in the loop was predicted. The flow
reversal implies that due to the quick depressurization in the reactor vessel and loss of water inventory in the upper
plenum, water in the UB loop was drained back to the upper plenum. However, the integrated mass flow show that
there is no net flow reversal in the UB-loon.

In the BK-loop, MELCOR predicted a reversed flow from the downcomer through the cold leg and intermediate leg
to the break area as shown by the negative flows in Figure C12. Figure C.12 also reveals a large flow oscillation in
the broken loop.

The natural circulation flow in the reactor vessel and flow reversal in the coolant loops discussed here result in a
rapid core recovery at about 750 seconds, as shown in Figure C9. However, the water level in the core region ,

cannot be maintained because of the continued loss of water inventory through the break area. At about 3200
seconds, the water level is reduced below the bottom of active fuel elevation.

With the sudden addition of water from the accumulator in the uncovered core region and a rapid generation of
steam, MELCOR predicted a spike in temperature around 3200 seconds as shown in Figure C.13. The extremely
high atmospheric temperature (4500 K) is unrealistic and is probably caused by the numerical scheme used in
MELCOR. Another high temperature period in the core and upper plenum regions between 7500 to 11,000 seconds
is caused by the core dryout before fuel relocates into the lower plenum.

The accumulators are activated at about 3360 seconds when the primary system pressure is reduced to 4.275 Mpa.
Figure C.14 shows that about 38,000 Kg of water is discharged into the cold leg of the BK-loop and about 114,000 Kg
to the cold leg of the UB loop in 1140 seconds. The water added to the UB-loop flows to the downcomer and into
the lower plenum, while the water added to the BK-loop is released through the break. The increase of water break
flow in Figure C7, water level spike in Figure C8 and C9, and the increase of mass flow in the coolant loops in
Figures C.10 to C12, are evidence that the accumulators activate at about 3360 seconds. The activation of the
accumulators reflooded the core.

-

Comparison with MAAP

Thermobydraulics in the primary system and core region predicted by MAAP are shown in Figure C.15 to C19.
Comparisons with the predictions by MELCOR show differences on pressures, temperatures, and behavior of flow.

Figures C15 illustrates the primary system pressure, water level in the core region, and the accumulator injection
rate. Similar to MELCOR predictions, MAAP predicted an initial decrease of system pressure to about 8.2 Mpa.
The pressure remains at this level to about 1500 seconds, and then starts to decrease until 3670 seconds, when the
accumulators are activated. The cyclic operation of the accumulators causes a slight oscillation of the system
pressure. The pressure becomes stable at about 8000 seconds, when the accumulator water injection is terminated
and the core is recovered. At about 10,000 seconds, pressure starts to decrease and the primary system is completely
depressurized at 13,587 seconds, when failure of the penetration tubes in the lower plenum is predicted.

Comparisons between the MELCOR predicted pressure (Figure C6), water level (Figure C9), accumulator water -
injection (Figure C14), and the MAAP results reveal the following differences:

1. The MELCOR code predicted two pressure spikes due to accumulator water injection at 3400
seconds and fuel relocation into the lower plenum at 11,000 seconds. These were not predicted by
MAAP. Calculations by MAAP showed that the primary system was depressurized throughout the
entire transient.

2. MELCOR predicted that initial core uncovery and recovery within the first 1000 seconds were not
predicted by MAAP. Although a large quantity of water was released through the break, MAAP
calculations showed that the water level in the reactor vessel was unaffected for about 2000 seconds.
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3. -Both MELCOR and MAAP showed a complete core recovery after accumulator water was added into'

the reactor vessel. However, the MELCOR predicted water level (10 m) is about 2 meters higher than
that predicted by MAAP (8 m).

! 4. In the analysis of MELCOR, the accumulators were operated for about 1100 seconds and the maximum
injection rate is 325 Kg/s. In the analysis of MAAP, the accumulators were operated for 4300 sevonds
with the maximum injection rate at 100 Kg/s.

The break flows predicted by MAAP are shown in Figure C16 in comparison with the MELCOR results given in
Figure C.7. The total water flows predicted by the two codes agree well before the accumulators activate. In the
analysis of MELCOR, the accumulator water injected into the broken loop is released through the break; while in the
analysis of MAAP, all accumulator water is added directly to the reactor vessel lower plenum. MELCOR's
calculation showed that hydrogen was released in two stages: about 138 Kg during the early heatup and another 122
Kg during core debris relocation into the lower plenum. The total hydrogen released is about 260 Kg. Contrary to
MELCOR, MAAP's calculation showed a large release of about 280 Kg of hydrogen during the early heatup.
Another 60 Kg was gradually released during the transient before the reactor vessel failure at 13,587 seconds. A total
of 340 Kg of hydrogen is released. Note that in the analysis of MELCOR, the break flow consists of a mixture of
water, steam, and hydrogen before 6000 seconds. After the water level was reduced below the break elevation at
6000 seconds, only the gaseous mixture (steam and hydrogen) was released through the break. In the analysis of
MAAP, phase separation started early and the break flow contains mainly the gaseous mixturr-

The gas temperatures predicted by MAAP are shown in Figure C.7. A peak core temperature (2000 K) is predicted
at about 3700 seconds after the onset of fuel melting before the accumulators are activated. Once the accumulator
water is added to the core and the core is reflooded, gas temperature is maintained at about 600 K. The low core
temperature will not increase system pressure. We should point out that the peak core temperature (2000 K)
predicted by MAAP is much lower than the unrealistic temperature (4500 K) predicted by MELCOR (Figure C14).

- Figure C18 and Figure C19 present some natural circulation flows provided by MAAP. Figure C18 shows the
natural circulation flows from the upper plenum to the core region, counter current flows in the hot leg and in the
steam generator tubes. Figure C19 shows flow from the upper plenum to the UB loop and BK loop. Both figures
show two distinguishable time periods of natural circulation. The first (between 2500 to 4500 S) approximately
corresponds to the time of core uncovery and accumulator water injection. The second starts at about 11500 S: the
cause of the development of natural circulation has not been identified. Comparisons with the MELCOR predictions
(Figures C10 to C12) reveal that:

(a) The continuous flow circulation in the reactor vessel and loops predicted by MELCOR are not indicated
by MAAP;

(b) The negative flow (i.e., reversal flow) predicted by MELCOR is not indicated by MAAP;

(c) The natural circulation flow rates predicted by MELCOR are much higher than MAAP's predictions.

5.2 Fuel Relocation and Reactor Vessel Failure

MELCOR Analysis

in MELCOR, several important assumptions, which affect fuel behavior during core meltdown and the timing of
major events, are made.

1. Holdup of molten material by an oxide shell is turned off by using the default values of the i

sensitivity coefficients C1131.
4

2. A particulate debris is formed when the unoxidized Zr thickness in an intact cladding reaches 10
m. This assumption implies that a very thin layer of the unoxidized Zr will be sufficient to support ,

the fuel. The same criterion is applied to the unoxidized steel thickness in structures. |

3. The porosity and diameter of the particulate debris are 0.4 and 0.0125 m, respectively.
4. The relocation of core material in all core cells is governed by two assumptions: a) the particulate

debris will not be supported by the "other structure'' at this level, and b) as intact component in the
|
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cell below must be present to support components in the current cell, otherwise these compone'ats : 1

.will be relocated downward. .
'

'

i

5. For the axial cell No. 6 (i.e., lower core plate at the bottom of the active fuel), we assumed that the ,j
plate will support particulate debris until the steel reaches the failure temperature (1273 K). The - je ,

intact steel will remain in that cell until it melts or forms a particulate debris. - (i
6. The default values specified by the input parameter COR0007 for transporting' secondary materialsy ;q

during candling'were used. The defauk values specify that the quantity of UO relocated with the < ,

molten Zr is 20% of the molten Zr. N quantity of ZrO relocated with the moken Zr is directly : ,l
iproportional to the existing fraction of ZrO to Zr.. , ' ,

7. The candling heat transfer cocincients, which specify the refreezing of the molten core materials, . |

8 -

are 300 W/m .K. ~

8. In the lower plenum, the failure of the lower head is assumed to occur whenever the temperature of
~

.

' the penetrations or the innermost mode of the lower head reaches 1273 K.
9. Heat transfer coefficients from debris to penetrations, and from debris to the lower head are

E'
assumed to be 500 W/m'-K. .

>

10. The relocation of materials in all cells in the lower plenum is governed by two assumptions:
a) particulate debris will not be supported by steel, and b) intact steel will remain until it meks or
forms particulate' debris,

~

'

11. There are four penetrations, one in each radial ring. The initial diameter of the penetrations is -
0.1084 m..,

.
. . _

12. The discharge coefficient for ejecting debris through the failed penetration opening is 1.0.'
;. 13. The defauk value of the corium discharge flag is used (i.e. IDEJ = 0). This value implies that the .

masses of each material available for ejection are total debris masses, regardless of whether or how
much they are melted. Note that after penetration failure, MELCOR requires that.a total molten <

mass of 5000 Kg, or a melt fraction of 10% is necessary before debris can be ejected. ?
,

Based on these assumptions, fuel meking and relocation predicted by MELCOR are summarized in this ediaa .
Figure C.20 shows the clad and fuel temperatures in the inner ring of the core. Clad in the middle and upper axial
segments (Cells 109 to 112) melts at about 2655 seconds.- The melting of the metallic Zr relocates maken Zr. As

_
q

the model of holdup the molten material is turned off in this analysis. ..With the removal of metallic Zr, the feel loses '
,

its support; thus particulate debris consisting of UO and ZrO is formed in these cells. The fuel temperature in -

Figure C.20 shows that UO: remains as solid material. The melting of clad and formation of particulate debris la the
lower segments of the core (i.e. Cells 108 and 107) are delayed by about 7800 seconds.

\

In the inner ring, there are about 15,720 Kg of UO and 2,990 Kg of Zr la the five active fuel nodes. Another 244 Kg s , ,

of Zr is la the unheated top node. & detailed relocation of these core m'aterials from the top cell in the ente
region (112) to the bottom cell in the lower plenum (101) is illustrated in Figure C.21.1% core materials in the top 1
three Cells (112,111 and 110) fall through directly to Cells 109 to 106 : Since clad failure is' delayed for Cens 107 and .
108, the intact components permit the holdup of the particulate debris on Cells 109 to 107,| According to the ' ._ . _ g
MELCOR logie process for relocating material, the lower core plate (Cell 106) can support the particulate debris and - ' -

hold up steel by refreezing molten steel moved to this cell. Before the complete relocation of core material into the ,
,

: ' lower pienum at 'about 10,790 seconds, Figure C.21 shows that all UO: (about 15,720 Kg) are accumulated in Cells
106 to 109, all Zr and ZrO (about 3650 Kg) in the core region are accumulated in Cells 107 and 106. In the loweri

^ *

.

= plenum, all core debris are accumulated in the three lower cells (101 to 103). ' :h code predicted penetration failure 1
at about 12,706 seconds. However, according to the logic process, which rettrkts the debris discharge, ejection of

' debris starts at about 15,240 seconds as shown in Figure C.21.
''

' '

.Similar fuel and clad temperatures, and material relocation behavior are predicted for the other radial rings. Table . .

C.7 summarizes the core relocation, penetration failure and debris ejection in all radial rings. The time duration . ' * ',
1

between the onset of relocation to the complete relocation into the lower plenum varies from 132 to 145 minutes in -
the four radial rings, it should be pointed out that the input parameters required for the lower head analysis and the ?

.

,

modeling of the lower head represent one of the largest uncertainties of the MELCOR code. No parametric study
has been performed to assess the uncertainty of the lower head analysis.

~ '
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* $ T ble C.7 Summary of Fuel Relocation tid Vessel Failure
),'

' , , .;
,

<y[
.

s

MELCOR

Start of Failure of Time Penetration , ' Debrss .
.

,

Radial Ring Relocation Core Plate- Duration' Fallure . Discharge
'

,.

1 2,655 s 10,790 s 135 min 12,706 s 15,240 s

2 2,655 11,135 141 11,376 L 13,443 ~"
,

3 2,710 11,423 145 .11,544 - :11,640 -
" 21,961.

4 2,885 10,790 132 15,126 . , 19,320 - -,
|

020,641 -

.

MAAP
,- ,

Debris
. ... .

Penettstion . DebrisRelocation Time
8 Failure' DischargeRadial Ring Fuel to Bottom Duration

Failure Node-

1 3,778 s 5,614 s 30 min 13,587 s - 13,587 : L

'2 5,566

..
3 5,250

,

, ,

4 12,163
/

5 12,963

6 -

,

7 13,473 :

Note: 1. %e Duration = %e between the start of relocation to the core plate failure.- .
.

2. %e Duration' = %e between fuel failure to the debris relocation to the bottom node of the '
'

core.
3. . MAAP predicted the failure of core support plate at 13,527 s.'

Penetration failure is determined by a user specified time delay of 60 seconds.

4

% temperatures of penetrations and the innermost node of the lower head are shown in Figures C.22 to C.23[
. respectively. % failure temperature of the structural materials is 1273 K. Figure C.23 shows that after the -

.

penetration failure, the surface of the lower head in the inner ring also reaches the failure temperature.: It appears
.' that there is a potential for a direct failure of lower head wall.1% debris mass la the lower head is shown in Figure;

' C.24. LAfter the onset of relocation of core materials due to the failure of the core plate at about 10,790 wanda, a - '

total of 125,000 Kg of debris mass is accumulated in the lower head. Figure C.24 illustrates that, starting from 12,000 4..7
- seconds, all debris mass is ejected from the lower plenum in 10,000 ==M 9-

Comnarison With MAAP

: Figures C.25 and C.26, respectively, show the fuel temperatures and UO masses for each of the 10 axial modes in the
1

j". --
inner ring predicted by MAAP.- The top node (the node with no fuel pellets) is referred to as Node 10, and the
bottom node as Idode 1. b major features of these two plots are described below:

,
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For the upper half segment of the fuel rod (i.e., Nodes 6 to'10), heating up starts car'ly,'at about'
'

a.
2400 seconds.- In about 25 minutes (i.e., at 3900 seconds), the fuel reaches the melting temperature ]

'g - '
(2500 K) and is immediately relocated to the lower part of the core (i.e., Nodes l'to 4). .

.

b. The middle segment of the fuel (Nodes 4 and 5) is subjected to melting, freezing 'and remelting due ."
' to the repeated flooding by the accumulator, at about 3670 seconds. The relocation of these nodes is' .i

<
'

'

delayed to about 5800 seconds for Node 5, and 13,500 seconds for Node 4. .
'

<

The accumulation of molten debris in the lower segment of the core (Nodes 1,2, and 3) forms a . '

e. ,

super-heated molten pool." %e debris temperature reaches 3200 K.; . . . .
it

4

'

d. ' MAAP predicted the failure of the core support plate.at 13,527 seconds.. All core debris, including -
the mass of the support plate, is relocated into the lower plenum.'

' '

r ' i

No plots of temperatures a id masses in 'other radial rings are provided by MAAP. Only the time of debris relocation .
to the bottom node is provid .4 by MAAP for each of the 7 radial rings. The relocation time is compared in Table

' ',,' C.7; the relocation in the oute rings (Rings 4 to 7) is considerably delayed.' The delay of reloca' ion in the outer.~ f H
rings causes the late failure of the penetration tube in the lower plenum.

'

i

The corium mass predicted by MAAP in the lower head is about 71,000 Kg. The mass is immediately discharged to
*

' ^

the reactor cavity at the time of penetration failure as she en in Figure C.27.
p >

,
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Figure C.27 MAAP Predicted Corium Mass in 14wer Head' 1

The comparisons between the predictions by MELCOR and MAAP are summarized below:
a. Both MAAP and MELCOR predicted an early activation of accumulators, which causes the delay.of '

the relocation of core debris to the bottom nodes of the core. 'ao

b. L MELCOR separates the lower core plate into radial zones,'and predicts tbc failure of the core' plate' -!1

in each radial zone separately. The predicted failure time is between 10,790 to 11,423 =ca=A
MAAP treats the core plate as a single node, and predicted a late failure of the core plate at 13,527 : ...- 1

1
'

*seconds. ,

;
c. MELCOR has 4 radial rings and 4 penetrations'in the lower plenum. Each penetration failure is

'

determined by a thermal analysis of the individual penetration. , The failure time of the 4 |
penetrations extended from 11,376 seconds to 15,126 seconds. MAAP has only one penetration m u

4the lower plenum. The penetration failure is specified by a delay time (i.e.,60 seconds) after the :
'

,

relocation of corium into the lower plenum. The MAAP predicted penetration failure time is 13,587 ' i
'

seconds, about 37 minutes later than the failure of the first penetration predicted by MELCOR. ' Hq
y

C-56e

i
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1

d
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d. MELCOR predicted the ejection af debris into the reactor cavity in 172 minutes (from 11,640 s to
21,960 s). MAAP predicted the rjection of debris into the reactor cavity immediately after the
penetration failure.
The quantity of debris accumu ated in the lower plenum predicted by MELCOR (120,000 Kg) is muchL c.
greater than that predicted by MAAP (78,000 Kg).

5.3 In-Vessel Oxidation

MELCOR Analysis

MELCOR predicted that cladding oxidation starts at about 2200 seconds. Most of the oxidation is completed at
about 10,000 seconds and a total of 260 Kg of hydrogen is generated as shown in Figure C.28. The quantity of
hydrogen corresponds to the oxidation of 29% of the active cladding. Almost all of the hydrogen generated in the
reactor vessel flows out to the containment through the break area as illustrated in Figure C.7 in Section 5.L The
integrated mass flow through the break area also shows a large quant:ty of steam during hydrogen release.' Thisi

implies that the hydrogen generation is not terminated by steam starvation. The termination of hydrogen generation '
predicted by MELCOR is related to its core relocation model. It is kr own that the prediction of hydsogen
generation during core relocation is uncertain, because of the uncertainties in the Zr surface area, the Zr
temperature, and the steam distribution. In MELCOR, oxidation of .:onglomerate debris (i.e., material that has
melted and resolidified onto other components) is modeled using variable surface areas to match the assumed
configurations of the debris. Oxidation of the corresponding intact surfaces is reduced to reflect shielding by that
debris.

Figures C.29 and C30 shows the masses of the oxidic and metallic Zr and steel predicted by MELCOR. The mass
of steel oxide is about 13% of the total steel inventory (28,286 Kg). The oxidation of steel in the core and lower
plenum region predicted by MELCOR would not contribute significantly to total hydrogen generation.

Comnarison with MAAP

Figure C31 shows hydrogen generation due to cladding oxidation predicted by MAAP. Hydrogen is generated at
about 3230 seconds, approximately 1,000 seconds later than that predicted by MELCOR. About 340 Kg of hydrogen
is produced in about 300 seconds. Figure C.16 in Section 5.1 also shows that hydrogen generation as predicted by
MAAP is not terminated by steam starvation.

In Figure C31, a large quantity of hydrogen (about 240 Kg) is generated after the reactor vessel fails. This is caused
by the steam entering from the reactor cavity into the failed reactor vessel through the penetration hole. Because the
oxidation of steel is not modeled in MAAP, this hydrogen is generated by the oxidation of metallic Zr. The quantity
of metallic Zr remaining in the reactor vessel is not provided by MAAP.

5.4 Corium/ Concrete Interaction
MELCOR Analysis

In the analysis of MELCOR the four penetrations fail from 11,378 to 15,126 seconds, as discussed in Section 5.2.
The debris discharge starts at 11,640 seconds and terminates about 22,000 seconds. All the discharged debris is
located in the reactor cavity, because MELCOR does not have an entrainment model to cany the debris to other
compartments. When the debris ejection ends, the cavity has about 200,000 Kg of debris, as shown in Figure C32.
More debris is added to the cavity due to the crosion of concrete. At the end of 100,000 seconds, the total mass of
debris is about 256,000 Kg. In addition to this mass, there is a layer of water on the top of the debris pool, as shown
in Figure C33. About 150,000 Kg of water is in the cavity at the time of vessel failure.

The MELCOR analysis shows that water is continuously transported into the reactor cavity. The water transport into
the containment is important for the corium/ concrete interaction and the retention of the fission products. The
sources of water in containment are the water released from the pipe break and the penetration holes, and the
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/ condensation of vapor released from the reactor vessel and the concrete structure. Sprays activated at 15,200 seconds ,

y
falso add about 127,000 Kg of water into the containment. Figure C34 shows the lategrated water flows in each y'

1
compartment; the following are noted from the figure:

'

(s) A large quantity of water flows from the upper compartment into the lower compartment.: At'the end of
100,000 seconds before the containment failure, a total of 290,000 Kg of water has flowed into the lower

'

. plenum. .
.

(b) Initially water flows from the upper compartment into the annulus region. The flow is nearly terminated
at about 14,000 seconds.

| ,

(c) There is a continuoushhnge of water flow between the lower compartment and the annulus region.' .

After about 55,000 seconds, the decrease of the lategrated flow from the lower compartment into the q
b annulus shows a reversal from the annulus to the lower compartment. _. ,

(d) The cavity and the lower compartment are connected by two flow paths: the lastrument tunnel and the'-
Jbypass channel. Figure C34 shows an interesting water circulation between the two regions; the water -

flows from the cavity into the lower compartment through the bypass channel (the positive flow in Figure ;

C34), and Dows back to the cavity through the instrument tunnel (the negative flow in Figure C34). d
The water circulation maintains a flooded cavity for the entire transient. !

1

The transient flow rates in these flow paths connecting the various compartments of the containment are shown ini y
Figure C35. The water flow is characterized by a large oscillation of the flow rate. Between the upper / lower and ?
upper / annulus regions, the flow rate is relatively small. However, between the annulus and the lower compartment,

'

the flow rate is in the order of hundred Kg/s, showning a strong exchange of water between these two regions. s

According to the CORCON model, core debris in the cavity region has three layers: light oxidic, metallie, and heavy j*
'

oxidic layers as shown la Figure C36. Thelight oxidic layer is composed of ablation concrete oxides and. steel oxides "
produced by chemical reaction with the concrete decomposition gases. Figure C36 shows that the thM- of this

' light oxidic layer grows rapidly as the thermal erosion of concrete becomes significant at about 20,000 seconds, when
the heavy oxidic layer at the bottom is diluted by concrete oxides and moves upward to form a single oxide layer. 1
Figure C36 also shows that during the entire transient, the temperature of the debris is above the solidus " ' ' I

temperature (1420 K for the limestone and common sand type concretc).
.

The downward and radial erosion distances predicted by CORCON are given in Figure C37. At 100,000 seconds
(i.e., near the time of containment failure), the maximpen erosion distances are 1.44 m and 0.27 m la the axial and ' <;

radial directions, respectively. Based on these erosion rates, the total releases of H , CO, H 0, and CO predicted by3 3 3

MELCOR at the time of containment failure (104,500 seconds) are 575,16,000,580, and 1440 Kg, respectively
. (Figure C38).

'

Comnarison with MAAP

Figure C39 shows the corium mass and temperature, ablation &' . and water mass in the cavity region predicted
'

by MAAP. Comparisons with MELCOR's predictions provide the following: .
a) ~ The initial water mass in the reactor cavity (170,000 Kg) predicted by MAAP is comparable to that ,

predicted by MELCOR (150,000 Kg). However, MAAP predicted a gradual boil-off of the water in the ;

cavity at 'a rate of about 50 Kg/s. : f, .
.. 1

' "

Water dryout occurs at about 42,000 seconds. The water boil-off rate predicted by MELCOR is only
L12 Kg/s.14 dryout in the cavity is predicted by MELCOR. |

'

. . . .t
b) The initial teasperature of corium (2500 K) predicted by MAAP is the same as that predicted by a

MELCOR (2500 K). However, MAAP has a much stronger corimn/ water interface heat transfer, which :;

k results in'a complete quench of the corium at about 16,000 seconds. The corium starts to reheat at :
.

|-.-

about 44,000 seconds, as water in the cavity is completely depleted. The temperature of corium rapidly * ' ,

reaches to 2500K at which the concrete ablation is initiated. , During the entire transient of concrete
ablation, the temperature of corium remains above 2000K. On the contrary, the'corium temperature ' .j"

'I
,

predicted by MELCOR remains slightly higher than the solidus temperatures.-

c) Because of the quench of corium, concrete ablation is delayed until 55,000 seconds. Because MAAP has .I
equal ablation in both radial and axial directions, the erosion depths in both directions are 0,8 m at the

'

end of 120,000 seconds. On the other hand, MELCOR predicted an immediate erosion of concrete as ;

1

'

!
,
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the corima is discharged into the cavity. The maximum erosion distance in the axial direction (1.44 m) is
much larger than that predicted by MAAP. In the radial direction, the maximum erosion distance
predicted by MELCOR is only 0.27 m.

Figure C.40 shows the total releases of steam, H , CO, and CO predicted by MAAP. Because of the dryout of water2 2

in the cavity and a high meium temperature, MAAP predicts a strong gas release. The following comparison shows
the total gas release at the dme of containment failure:

MAAP MELCOR
Cavity Condition Dry Wet -

Ablation Initiation, S 54,870 11,540

Containment Failure, S 92,718 104,500

H , Kg 350 575
2

Steam, Kg 1,400 580

CO,Kg 9,000 16,000

CO , Kg 5,600 1,440
2

The time d'iration of gas release (from the initiation of ablation to containment failure) predicted by MAAP is much
shorter than that predicted by MELCOR.

The dry cavity configuration predicted by MAAP is caused by the water distribution predicted by the code in the
various compartments of the containment and water flow between these compartments. Figure C.41 shows the water
masses in the upper, lower, annulus, and cavity regions, and Figure C.42 shows the water flow between these
compartments. Comparisons with the results from the analysis of MELCOR given in Figures C.33 to Figure C.35
indicate that a) the water mass predicted by MAAP in each of the compartment is much less than that predicted by
MELCOR and b) the continuous and oscillating water flow pattern predicted by MELCOR between each
compartment is not predicted by MAAP. These differences are related to the modeling of containment structures
and vapor condensation from these structures. The degassing modelin MELCOR also contributes to the
containment water inventory.

MAAP also predicted the entrainment of 10 Kg of corium into the lower compartment. This small quantity of
corium has no effect on concrete interaction as shown in Figure C.43.

5.5 Containment Behavior

MELCOR Analvsis

In Section 2 of this appendix, v.e state that the operation of sprays is assumed when the containmeut pressure reaches
0.26 Mpa. The operation is limited by the amount of water in the refueling water storage tank (i.e. 250,000 Kg, about
10% of the normal capacity). Figure C.44 shows that the containment sprays were operated from 15,200 to 18,800
seconds, according to the MELCOR analysis. During this time period, the containment pressure is maintained at
0.26 Mpa as shown in Figure C.45. After the sprays are terminated, the containment pressure increases steadily due '
to the release of gases from the corium/ concrete interaction. At 104,996 seconds, the pressure reaches the estimated
et ntainment capacity (1.027 Mpa or 149 psia), and loss of containment int:grity is assumed to occur at this time.

Figure C.45 shows that the reactor cavity, which is the source compartment, has a pressure slightly higher than that in
the other compartments. The average pressurization rate is about 9.2Pa/s. Figure C.45 also shows that the
containment is inerted during the transient as indicated by the partial pressure of steam. The inertness is further
illustrated by molar fractions of gases in each compartment as given in Figure C.46. In all compartments, the
atmosphere is dominated by steam. During the debris ejection and the initial corium-concrete interaction, the reactor
cavity has very high fractions of H and CO, above 28% and 25%, respectively. However, no combustion was ,

2

predicted because the atmosphere is inerted by the presence of a high fraction of steam. ]

|
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1

i

Figure C.47 shows containment atmosphere and water temperatures predicted by MELCOR. Temperatures in the |

containment are c'ese to the saturation temperature before the containment failure. We do not expect the relatively j

low temperature t a threaten the containment integrity.
i

The degassing m3 del in MELCOR permits the release of water vapor and CO from the concrete structures over a2

degassing temperature range specified by the user. In the analysis, the values of the temperature range are 360 to ;

380 K for the '.ree water vapor, and 500 to $20 K for the chemically bounded water vapor and CO . Based on the |

containmut semperature shown in Figure C.47, only the free water vapor would be released during the transient ;

(Figure C.48) and the release of CO is not expected (Figure C.49). The total quantity of water vapor released from |
2

all concrete structures is about 83,600 Kg (Figure C.48). The quantity of water vapor released is much more than the
amount of steam released due to the corium/ concrete interaction in the cavity (about 2100 Kg). Because of the large
surface area of some structures, such as the crane wall of the crane compartment, a large amount of steam is !

released. ;-

The steam masses in the four compartments of the containment are shown in Figure C.50. The total steam mass 1

before the containment failure is about 344,000 Kg. We will discuss the balance of steam mass 1 ster in this section !
when we compare MELCOR's predictions with MAAP's predictions. i

The containment pressure predicted by MAAP is given in Figure C.51. The containment is initially subjected to a
higher pressurization rate of about 14 Pa/s due to the water boil-off in the reactor cavity. After the water depletes at
about 42,000 seconds, the containment pressurization rate is reduced to about 3.75 Pa/s. Containment failure is i

'

predicted at 92,718 seconds, which is about 5,628 seconds (i.e.,1.6 hours) sooner than that predicted by MELCOR.

Figure C.52 shows the molar fractions of gases predicted by MAAP in the four compartments of the containment.
Similar to MELCOR's results, MAAP predicts a steam dominated containment. In the cavity region, the steam
fraction reaches 100% during the water boil-off. Figure C.52 does not show peak fractions of H (28%) and CO2

(25%) predicted by MELCOR in the cavity region.

The containment temperatures predicted by MAAP are shown in Figure C.53. The temperatures in the upper, lower,
and annulus compartments are comparable to those predicted by MELCOR. Because of the dryout in the cavity,
MAAP predicted a much higher temperature in the cavity compartment. This high temperature should generate a
strong buoyancy force to enhance the flow mixing in the containment.

Finally, Figure C.54 shows the steam mass in the containment predicted by MAAP. The steam mass is used for the
overall mass balance and is compared with the MELCOR results as shown in Table C.8. The team mass in each
compartment of the containment predicted by MAAP can be compared to that predicted by MELCOR However,
there is a large difference in the steam sources; for example, MAAP does not have the large quantity of vapor due to
degassing of the concrete structures. According to the MAAP analysis, the complete water boil-off in the cavity at
about 44,000 seconds provides a larger steam source to the containment. It is noted that steam sources given in
Table C.8 do not include the vaporization of containment spray water and water pools in various containment
compartments. The continuous boiling in the reactor cavity as predicted by the MELCOR code is not included in
Table C.8. i

5.6 Fission Product Release ;

|

MELCOR models the in-vessel release by two stages: gap release and fuel release. Fission products in the fuel- ;

cladding gap are released at cladding failure defined by a user specified temperature (1170 K). The subsequent i

release from the fuel is determined by the fuel heat up rate, according to the CORSOR-M model. The cladding i

failure time for the four radial rings predicted by MELCOR are.

Ring 1 2655 s !

Ring 2 2655 )

Ring 3 2710 !

Ring 4 2885 ,

l
|
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Tchte C.8 Comparison of Steam Mass Balance b Contal:mest

MAAP MELCOR

Steam Content, Kg at the Time of Containment Failurt
'

Upper 240,000 250,000

Lower 47,000 56,000

Annulus 39,000 36,000

Cavity 600 0

TOTAL 326,600 342,000
_..

Steam Sources, Kg (Released at Various Times During tiie Transient)
.

83,600Degassing -

Break Flow 150,000 170,000

Corium/ Concrete 170,000 -

Interaction

TOTAL 320,000 253,600

Figure C.55 shows the fission products released in core. Major releases are the noble gases, CsOH, Csi, and Ba.
The release of control rod materials and Te are relatively small. The release and deposition of the total radioactive
materials, and the sum of radioactive and non. radioactive materials are shown in Figures C.56 and C.57, respectively.
About 28% of all radioactive materials are deposited on heat structures.

Table C.9 summarizes the fractional distribution of radioactive materials in the core, the cavity (i.e. corium), the'

reactor coolant system, the reactor building (containment), and the environment. The distribution is given at 100,000
seconds, about 28 minutes after containment failure. Table C.9 shows that a large fraction of Ru, Mo, Ce, La, and U '
are retained in the corium in the reactor cavity region. The CsOH and Csi are mainly distributed in the reactor
coolant system and containment. Revaporization could cause the portion in the reactor coolant system to be released
to the containment later during the transient. A considerable fraction of the control rod material (Cd and Sn) also is
retained in the reactor coolant system and containment.

MAAP only provided the fractional distribution for Csl and SrO; the comparisons are shown in Table C.10. For Csl,
MAAP shows $3% and 45% retainment in the primary system and containment respectively, and MELCOR shows
about 25% and 75% s etainment in the primary system and containment. The environmental release of CSI predicted
by MAAP is two orde s of magnitude higher than that predicted by MELCOR. For SrO, MAAP shows that nearly
all the materials are retained in the cavity, while MELCOR shom that a considerable fraction also is retained in the
containment. The environmental release of Sr0 predicted by MAAP is one order of magnitude higher than that
predicted by MELCOR.

Plots of the environmental release of the 12 groups of fission product are provided by MAAP as shown in Figure
C.58. These releases are compared with the MELCOR predictions in Table C.11. For all materials, except the noble
gases, the environmental release predicted by MAAP is much larger than MELCOR's predictions. MELCOR shows
extremely small releases for Mo, Ce, La, and U groups. This extremely low release is partially related to the large
quantities of water in the cavity as predicted by MELCOR. In the MAAP analysis, the interaction of corium-
concrete starts after the cavity water has depleted. Another important factor which affects the environment release is
the time of actuation of containment sprays. In MAAP, the containment sprays were activated 13 hours before the
initiation of corium/ concrete interaction. Therefore,it has no impact on aerosol removal. In MELCOR, the
containment sprays were actuated about i hour after the initiation of corium/ concrete interaction, and can effectively
remove aerosols released from the corium pool in the cavity region.
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Table C.9 MELCOR Predicted Fractional Distribution of Radioactive Materials

RADICACT!VE RADIONUCLIDE FMACTIONAL DISTR |

CLASS CORE CAVITY RCS R8 TB ENVIRON
1 6.691E-19 0.000E+46 8.280E-63 0.359E-81 0.000E+40 0.964E+e6 .l
2 0.723E-19 0.767E-14 9.387E+ee 0.613E+00 0.000E+49 6.238E-04 '!
3 0.717E-19 8.609E+60 9.244E-61 0.367E+00 0.000E+00 0.100E-05-
4 0.144E-15 0.000E+00 0.539E-05 0.355E-01 0.000E+00 8.964E+00'
5 0.101E-18 0.380E+ee 0.305E-01 0.589E+00 0.000E+00 0.140E-03
6 0.651E-19 0.997E+00 0.560E-93 0.212E-e2 0.000E+00 0.169E-47
7 0.749E-19 6.913E+ee 9.160E-01 8.706E-01 0.000E+00 6.587E-66
8 9.775E-19 0.100E+01 0.169E-04 6.722E-04 0.000E+00 0.903E-08
9 9.719E-19 8.993E+00 9.124E-63 0.650E-62 0.000E+00 9.797E-88

19 0.699E-19 6.100E+01 9.213E-64 8.189E-63 0.000E+00 9.817E-08
11 8.775E-19 6.739E+06 0.580E-01 0.203E+00 0.000E+00 6.259E-95
12 0.876E-19 6.707E+00 0.585E-el 6.234E+49 0.000E+60 9.124E-04
13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.000E+00 0.000E+0e-
15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+ee
16 0.242E-26 0.353E-08 0.253E+00 0.746E+00 0.000E+00 0.126E-03

Note: Class 1 = Xe, Kr Class 9 = La
Cass 2 = CsOH Class 10 = U
Class 3 - Ba, Sr Class 11 = Cd, Sb
Class 4 = 1 Class 12 = Sn
Class 5 = Te Cass 13 - N/A
Cass 6 = Ru Class 14 = N/A
Cass 7 = Mo Class 15 = N/A
Cass 8 = Ce Cass 16 = Csl

Table C.10 Comparison of Fractional Mass Distribution

CSI

MELCOR MAAP

Core 0.0 0.0

Cavity 035( 8)* 0.69(-4)

Primary System 0.25 0.53 -

Containment 0.75 0.45

Environment 0.13( 3) 0.29( 1)

Sr/SrO

Core 0.0 0.0

Cavity 0.61 0.987 g
Primary System 0.24( 1) 0.43( 2) .

#

Containment 037 0.94( 2)

Environment 0.10( 5) 0.62(-4)

'035(08) = 035 x 10*

C 101
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Tchle C.11 Comparison cf Fractional Release to Environment

Class MELCOR MAAP

1 Noble Gas 0.96 0.93 Noble Gas*-

2 CsOH 0.24( 4) 0.255(-1) CsOH

3 Ba, Sr 0.10( 5) 0.62(-4) Sr0
0.78(-4) Ba0

5 Te 0.14( 3) 038(-1) TeO2

033( 1) Te2

7 Mo 0.59(-6) 0.78( 4) moo

8 Ce 0.90( 8) 0.16( 3) CeO:

9 La 0.80( 8) 0.21(-4) La

10 U 0.82(-8) 0.15( 5) U

11 Sb,Cd 0.26( 5) 0.185( 1) Sb

16 Csl 0.13( 3) 0.25(-1) CsI/Rbl

6 Summary

Detailed discussions of the analyses of MAAP and MELCOR's primary system thermohydraulics, fuel behavior,
penetration failure, corium concrete interaction, containment response, and fission product releases were presented.
In analyzing MELCOR, we selected nodalization, numerical strategy, and many input parameters based on our best
judgement. Although no systematic study of the code sensitivity was performed, we believe that the present analysis
of MELCOR represents.a. reasonable description of the small break LOCA sequence for a PWR plant. The MAAP
analysis was provided by Fauske & Associates, Inc. All 78 model parameters used in this analysis are recommended
by the Sensitivity Study Guidance Document.

Although both codes have about the same nodalization and initial inventories, detailed comparisons show the
following differences between the two coder

1) MAAP predicts an early phase separation at about 1000 seconds and the break flow contains only
single phase fluid. The accumulator water is injected directly into the reactor vessel and is not
released through the break. MELCOR predicts a single phase flow or two-phase mixture through
the beak, depending on the water level relative to the break location. The accumulator water
injected into the broken leg is released through the break.

2) MAAP predicts a relatively slow, discrete, natural circulation in the primary system. MELCOR
shows a continuous natural circulation in the primary system, with a higher flow rate. Flow
reversals also are predicted by MELCOR.

3) The single-node of the core plate in the MAAP analysis yields' a late failure of the core plate, at
about 13500 seconds. MELCOR has four radial nodes for the lower core plate and predicts a'
rapid failure of the core plate in each radial node as debris is relocated on the plate. Failure
times for the various radial rings are from 10790 to 11423 seconds. Radial ring 1 is the inner ring
and 4 the outer ring.

4) MAAP models one penetration while MELCOR has four penetrations. The failure of the four
penetrations extends over of approximately 3750 seconds.

5) MAAP predicts the ejection of debris into the reactor cavity immediately after penetration failure.
The sequence of ejection is corium, water, and gas. MELCOR predicts the ejection of debris over
a time period of 137 minutes. Individual modelling packages exist in MELCOR for tracking
corium, water, and gas.
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w, ' 6) : MAAP shows the start of hydrogen generation at 3230 seconds, and about 340 kg"of hydroden is ;
'

]D
. generated be ore the penetrat on a ure. The onset of hydrogen generation predicted by ' '

'i f i f il

rA MELCOR is at 2200 seconds, and about 260 kg is generated before the penetration failure.
MAAP shows another 240 kg of hydrogen generated after reactor vessel fauure due to steamL j

d ' .7) '
'L entering from the reactor cavity into the failed reactor vessel through the penetration hole. This is. ij

not modeled in MELCOR. The buoyance driven flow model used in MAAP to describe this.
steam ingress b'as not been verified experimentauy.. . , .

O

.' 8) MELCOR shows a 1.3% oxidation of steel in the reactor vessel. MAAP does not model steel
"

,
. .
~!m ' oxidation. - 4

9) MAAP predicts a complete dryout of water in the reactor cavity. MELCOR does not predict'
>

water dryout in the cavity. Continuous water recirculation between'the cavity and lower :
compartment is predicted by MELCOR.

.

.. ,

:

10) In the MAAP analysis, the water boil-off completely quenches the corium in the cavity.'In thel
MELCOR analysis, the corium temperature stays above the solidus temperature. ,

11) Since the corium is quenched, the concrete ablation predicted by MAAP is delayed until 55,000
>

seconds. The ablation distances, both radially and axiaUy are 0.8 m.LMELCOR shows an J . ;
_

immediate erosion of concrete as the corium is <leharged into the cavity. The ablation distances ,

are 1.40 m axiauy and 0.27 m radially.
>

12) MAAP-predicted gas releases (H , CO, CO , and steam) from corium. concrete interaction are less' 3
'

2 2 '

than the MELCOR results.' However, in the MAAP analysis, the complete boil-off of water in the
reactor cavity adds a large quantity of steam to the containment atmosphere, which results in ' h
faster pressurization and an early failure of the containment.

13) Both MAAP and MELCOR show that the containment is steam-inerted, and h'ydrogen combustion , -

is not predicted. . . .

14) The MELCOR concrete degassing model contributes about 83,600 Kg of steam into the j

containment. Degassing is not modeled in MAAP unless concrete ablation temperatures are '
*

reached. . . .

.

15) The containment pressurization rate predicted by MAAP is about 14 Pa/s during water boilioff,,

and is about 3.75 Pa/s after water dryout in the cavity region. ' MELCOR maintains a flooded
cavity and the rate of containment pressurization is about 9.2 Pa/s. .. , 4

16) - MAAP shows a large retention of Cal in both the primary system (53%) and containment (45%);--
'

MELCOR shows about 25% retention in the primary system and 75% in the containment.' .

;;

17) Por all materials except the noble gases, the environmental release predicted by MAAP is much' i

larger than the MELCOR predictions. This is due to the time of actuation of containment sprays.'
'

In MAAP, the containment spray is activated 13 hours before the initiation of corium-concretc ; .

interaction (see Table 5.1). Therefore, it has no impact on aerosol removal. - In MELCOR, the- ,

t

containment spray is actuated about 1 hour after the initiation of corium-concrete lateraction, and[
'

can effectively remove aerosols released from the corium pool in the cavity region.; q,

:
,

.

,
1

Table C.12 summarizes the timing of major events and shows that MELCOR's predictions are characterized by . . .. . 4

earlier core uncovery, core dryout, fuel relocation, and penetration failure. On the other hand, MELCOR predicted ,:
the time of containment failure at 104,4% seconds, about 3.2 hours later than that predicted by MAAP. at 92,718, |{
seconds.
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Table C.12 Summary of Major Events (Time la Seconds)

____

MELCOR MAAP

Start of Break 0.0 0.0

Core Uncovery 1640 2,349

In-Core 1 Kg H Release 1200 3,230
2

First Clad Failure ' 2,655 - 2,855 3,268

Fuel Melting 2,825 3,719

Start of Fuel Relocation 2,655 5,250

Core Dryout 3,230/8,585 12,953

Accumulator On 3,362 3,671

Relocation to Lower Plenum 10,790 11,423 13,527

Penetration Failure 11,378 15,126 13,587

CCI Production of 1 Kg CO 11,540 54,870

Containment Sprays On 15,200 7,321

Containment Failure 104,4 % 92,718

7 Reference

L Kenton, M.A., and J.R. Gabor, " Recommended Sensitivity Analysis for an Individual Plant Examination Using
MAAP 3.0B," Gabor, Kenton & Association, Inc.

C 104



:: m -
, .

,

,

, - -

,

a
,

l': 4
'

Appendix D-
''

;
.

...
'

BWR--MELCOR/MAAP Comparative Analysis
,

m

J.U. Valente, L. Neymotin

1 .-

,

1

%

1

.

f

if .'. ,

+

E

3

.

I

l
'

p.1
,

s
L :..



u -

v

Table of Contents

1.0 I n t rodu ct io n . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D 3 .

2.0 Description of Accident Sequence . . . . .................................................D3 |
3.0 M o d el D e scrip t io n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D.6

D.63.1 Approach to Setting Up the Comparative Input Decks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3.2 Co re M o de lli n g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D 7

3.2.1 M AAP M odellin g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D 7

3.2.2 ' M ELCO R Modelling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D.7

3.3 Initial RPV Water Inventory and Control Volume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D.9

3.4 R P V 11 c at Stabs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D .12

3.5 Containment Confi ;uration and Initial Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D.12t

3.6 Reactor Building Configuration and Initial Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D.18

D.203.7 Fission Product Groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3.8 M odel Op t io n s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D .22

3.8.1 Core Concrete Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D 22. . . . . . . . . . . . . . . . . .

3.8.2 Core M od e ls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D 22

3.8.3 B u rn M od e l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D.22

3.8.4 Aerosol M o del . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D.22

4.0 Discu ssion of Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D.23

4.1 Vessel Mass and Energy Considerations from Accident Initiation to Clad Damage . . . . ., . . . . . . D 23

4.2 Core Heatup to Vessel Ejection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D.26

4.3 Co n t a i n m e n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D.30

4.4 Fission Product Response ......................................................D34

5 .0 S u m m a ry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D 3 5

6.0 R e fe r e n ce s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D.37

Attachment A . MELCOR Input Deck

Attachment B . MAAP Parameter File and Input Deck

Attachment C Plots

r

D.2

,

^^

- g 4



i
:

.

1 Introduction

- The objective of this study is to determine the suitability of using the MAAP 3.0D Rev 7 (BWR), severe accident

computer code for Individual Plant Evaluation (IPE). The task discussed in this appendix involves the predictions

of both MAAP and MELCOR 1.8.0 for a Station Blackout with battery failure initiated at 100% rated power

conditions. The plant chosen was a DWR 4 with a Mark I containment.

Previous work on this project reviewed the documentation on models used in MAAP and compared it to that of

MELCOR [1]. The results of the numerical experiments reported in this appendix use insights from this previous

work. To fulfill this project's objective,we compare MELCOR and MAAP's basic modelling assumptions, such as

the physical nature of corium.

To assure that differences in predictions are not due to differencesin representation of the plant's configuration,

the input decks of both codes were reviewed for consistency. This configuration, as well as the phenomenological

modelling options used in each code, are discussed in Section 3. Section 2 describes the accident sequence being

studied, and the significant figures of merit (such as time to containment failure, etc.). Section 4 contains the

results and analyses obtained with both MAAP and MELCOR, and Section 5 presents our conclusions and

recommendations.

For documentation purposes, Attachments A and B contain the input decks used in DNI's study for MAAP and

MELCOR. The MAAP input deck was supplied by FAI and reviewed by DNL

2 Description of Accident Sequence

We chose a Station Blackout where the batteries are lost at time zero along with AC power as the accident

scenario. Before this accident initiation, the plant had been operating at full power. The loss of AC would result

in closure of the Main Steam Isolation Valves (MSIV), and the loss of feedwater flow quickly thereafter. All

pumps driven by AC power are lost, and with the Icss of DC power, all motorized valve control for the steam

driven llPCI and RCIC also is unavailable. No inventory makeup results la boil-off of the reactor vessel through

the safety relief valves (SRVs), with the vesselisolated, the core shutdown, and the containment sealed. No

opvator intervention is assumed, and the vessel will remain pressurized until its failure. This condition could

result in Direct Containment IIcating (DCII); however, DCII is not modelled by either computer code. MAAP

allows entrainment of molten debris in the pedestal region to the drywell by the high velocity water / gas jet exiting

the RPV. This will be discussed in subsequent sections.

D-3
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Once boil.off begins, a key parameter is the beginning of core uncovery. Once this occurs, fuel heatup will begin

and will be accelerated by clad oxidation. We have, as a significant figure of merit (SFM), the time when the

codes predict that more than 1 kg of II, has been produced. He release of fission products will occur when the

temperature for clad damage is reached. liowever, MELCOR will then release its fuel. clad gap inventory, while
MAAP will begin to release fission product gases from the pellet. Failure criteria used by the codes are given in

Table D.1. The first relocation of core materialwill occur in MAAP when the control blade reaches a eutectic
temperature of 1500K, while MELCOR uses the stainless steel meltic; semperatum of 1700K. Fuel relocation

begins when the MAAP code predicts a core node reaching a 2500K cutectic temperature. In MELCOR, two

criteria are employed; either the clad reaches 2500K or its thickness becomes less than 104m. As shown in the -

following sections, the time of relocation is very important, especially for MELCOR, because it can predict
relocation to occur when water is still above the lower core support plate. Further, MELCOR can predict solid

debris relocation. This means that at the time of clad failure,the UO debris can fall to the core support plate.

De version of MELCOR used in this study is 1.8.0 CZ, with an additiona! correction for UO mass relocation
'

from the vassel to the cavity. There is an error in this version, which we discovered, but left uncorrected, which

affects solid debris relocations. With a high intact component porosity chosen for the core fuel cells, no solid

debris is expected to be transported past intact fuel cells. Ilowever,in the MELCOR run of record, this is not the

case, and as much as 10 tons have been relocated to the core support plate levelin the inner two rings, with most

of the solid debris being held about 5 ft. above this.

Table D.1 Failure Criteria

LimitFr. lure Mode

MAAP MELCOR

1200K 1173K
Clad damage

Core Support Plate Failure Lowest core node fully molten at Plate at 1273K ,

2'00K

C. Blade Relocation 1500K SS melt 1700K

Fuel relocation 2500K Zr reaches 2500K
or

4
Zr clad thickness <10 m

RPV penetration failure carbon steel melt temp 1273K
4

2: 1700K (FREEZE)*
1273K |RPV lower head failure '

_

outer node

Concrete Ablation Temp 1500K 1500

Containment Failure temperature dependent pressure temperature dependent pressure

failure limits failure limits
.

*(FREEZE) notation refers to a subroutine or module.
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Also, the code incorrectly relocates all solid debris in a given ring to below the core support plate once this

structure has failed. This relocation occurs regardless of whether or not the debris is supported by the core

support plate. Then, depending on the quantity of water there,it is possible to quench this initial debris and delay

the failure of the core support plate. Relocation also affects the surface area available for hydrogen generation.

Melt progression has been highlighted as a major difference between these two codes [1], and it manifests itself

strongly in the time to core support plate failure, the mass of corium which falls into the lower plenum when the

plate fails, and the time to vessel failure. These wi!! be discussed further in Section 4. It should be remembered

that in MAAP all molten debris, above the lower core support plate is reiocated to the lower plenum when the

support plate fails. In MELCOR, the lower plenum is relocated on a radial ring by ring basis. The amount of

mass first transported to the lower plenum then is different, and this difference will have a long-term effect on the

release of corium from the vessel. Once the lower tie plate fails, all molten debris is transported to the lower

plenum in MAAP, but not in MELCOR. In effect, this raises the amount of mass that drops into the lower

plenum, if the mass is large enough, it would be able to transform all the lower plenum water to steam based on

the heat capacitance of the corium, provided it stayed in the lower plenum long enough before vessel failure.

While the former condition is true for MAAP, the latter is not and the vessel falls containing a large amount of

lower plenum water. Conversely, MELCOR will drop only a relatively small amount of debris into the lower

plenum. If sma!!, it could result in steam cooling of the material remainingin the core. This cooling could

substantially delay the time to vessel failure. .

Once the vessel has failed, the ejection of the materialis charactcized by its sequence, amount, temperature,

composition, physical state, and timing. "Ihese factors are a major difference between MAAP and MELCOR and

will set the stage for their predictions of containment failure time. The amount of non-condensibles ejected from

the vessel, as well as the amount produced during CCI will strongly affect this time. Due to the different physical

state of the ejected corium (amount of solid and molten debris) and the sequence of ejection, the debris in MAAP

will spread over a much larger concrete surface area. With MELCOR, there will be a substantial delay from the

time of vessel failure to the ejection of debris due to the debris' non. molten state. With MELCOR a very large

fwlon of solid debris is ejected. Debris in MELCOR would have undergone a substantial cooling in the lower

pienum, while with MAAP the vessel will fail with a large amount of lower plenum water remaining.

MAAP and MELCOR may give very different predictions of containment pressure and temperature histograms.

In Appendix B [1], we discussed that the models for CCI are very different for the two codes. Because CCI is a

function of concrete heating, the corium spread models of MAAP and MELCOR will influence the competition of

the atmosphere above the debris and the cor. crete below it for the debris heat energy. Still we can assume that

there will be some height of debris above the concrete, where the heat transfer coefficients out of the debris will

be limiting the energy released to the a:mosphere. Even if the mass, area, composition, and debris temperature

were the same for MAAP and MELCOR, the fact that MAAP modeling does not allow the II O and CO from2 2
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the sidewalls of the concrete beine attacked from interacting with the corium should result in a lower amount of

II: released, and most likely, a greater amount of CO: than that calculated with MELCOR. There is a greater

amount of CO than I! 0 in the c merete. Although the couainment is assumed to be inerted in our study, the 11 2
2 2

can undergo burning when it is relied to the reacwr tsuilding, which is rich in oxygen. He hes i slabs modelled

will have a major effect on the containment response, and we spent extra effort to assure that '!ae heat slabs are

correctly represented in the input of the two codes.

Both non-condensible mass and heat added to the gas will increase pressure. Containment tailure pressure is

temperature-dependent. This factor is accounted for in both code predictions of containment failure. We did not

determine the failure criteria for electricalor hot and cold mechanical penetrations.

For fission products, we locked at the differencesin the release timing from the fuel. Also, the decontamination

factor associated with the various volumes will play a major role. We spent extra effort in matching deposition
,

areas of MAAP and MELCOR because sedimentation is the primary mechanism for aerosol removal.

3 Model Description

.

3.1 Approach to Setting up the Comparative Input Decks

ne starting point consisted of existing MAAP and MELCOR decks representing Peach Bottom, which is a

BWR/4 with a steel Mark I containment. A concerted effort was made to assure that plant features were fairly

represented in the two input decks. We then adjusted the MAAP input deck to reflect that of the MELCOR

deck. If questions arose regarding the MELCOR value,it was examined and an acceptablevalue was chosen.

His resolution process worked well for plant configuration items such as masses and geometric arrangements. A

different approach was used for the unique modelling options used in the two codes. Dese include items such as ,

the number of core cells, or the MAAP options used for core blockage of steam flow. MELCOR also required a

choice of modelling options to be made. Among the more important was whether to permit intact fuel within a ,

i

given radial core ring to relocate once the core support plate failed. Another option determined what was ejected

from the vessel at the time of breach.

Herefore,the compatibilityof the input decks was determined using the following three steps. (Examples of the

first two are given above.) )
1

1) Match of plant configurationalinputs.

2) Choices of the model parameters: In MAAP, this meant following the recommendation of the user's

guidance documents [3,4]. In MELCOR, this meant using the deck as received and reviewed by the

BNL team.
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3) . Changes to the recommended model parameters.' De numbe. of changes were small. In MELCOR,

an additionalcontainment failure mode based on the temperature of the containment drywell liner was -i:

added. In MAAP, a similar temperature. dependent containment failure mode was employed.

All changes in MELCOR's deck for this study are commented on with dates from 10/90-4/91. The choice of input

I parameters in MAAP are commented on to the extent their value was based on a MELCOR'value. Listings of the
'

input decks are in Appendices A and D.

! 3.2 Core Modelling
i

!' 3.2.1 MAAP Core Modelling

The core is divided into 5 rings and 10 axialsegments. In addition,there is an unheated fuellength at the top of -

the core of 33 meters. He total height of the fuel region is 3.81 m. Each core node or cell contains fuel pellets,

clad, Zr channel, and control blade. (ne blades are idealized to 150".) He total internal masses of the' core

region are given in Table D.2.

Table D.2 Core Masses

MAAP MELCOR -

Active Fuel Cells 5 Radial x 10 Axlal 3 Radial x 5 Axial-

UO (kg) 1.685 x 10 1.685 x 10'8

2

Zr (kg) 7.1 x 10' 7.1 x 10'

Stainless Steel (SS) (kg) 9.68 x 10 1.2 x 10'8

B.C (kg) 1.79 x 10 1.79 x 10'2

3.2.2 MELCOR Core Modelling

MELCOR's core is part of a grid structure of cells, which extends from the vessellower head to the unheated

portion of the fuel rods (fuel gas plenum region). De axial number of cells is 12, of which axialcells 1 to 5 are in. ,

< the vessel lower plenum; cell 6 is the mre support plate; and cells 7 to 11 are UO containing fuel nodes. Cell 12 '

does not contain fuel. In addition, there are 3 radial rings, so the total number of core cells is (12 - 6) x 3 = 18.

Fifteen of these bear fuel. Unlike MAAP's core model, MELCOR is modelled for this study with different masses

UO and other core material based on cell location. All fuel containing core cells are .7620m in length.' The fuel

gas plenum is .3627m (CORZ1201). The mass content of a center ring fuel cellis 14995 kg of UO ,3153 kg of2

,
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10 Axial

5 Radial

Core Zone Cell

Core Support Plate

Ct

Each Core Zone Cell Has Equal Volume

Figun D.1 MAAP Cort Grid

Fuel Plenum Cell 112 - 212 312
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110 210 310

Active Core Cells 109 209 309

108 208 308

107 207 307

Lower Core Support Plate 106 206 306

105 205- '305

104 204 304-

Lower Plenum 103 203 303

102 202 302

101 201 301

Lower Head

Ct

Figure D.2 MELCOR Core Grid Structure

D-8



I

|

clad Zr,1077 kg of control blade SS,158.9 kg of B C, and 2339 kg of Zr channel material. Summing over all 15

fueled core cells yields the values supplied in Table D.2.

Table D.2 shows the good agreement between the two input decks. The mass of stainless steel (SS) posed some |

unique problems. In MAAP, when relocation occurs, only the SS represented in the core region and the lower

core support plate will be ejected from the vessel. In MELCOR, the SS in the upper and lower fuel tic plate, the

core support plate, and the control rod guide tubes can be ejected. As shown in Table D.3, there is a substantial

difference in the amount of SS which the two codes may relocate to the pedestal region. In addition, there are 75

tons of lower head material; some of which is ablated and relocated to the pedestal.

Table DJ Relocatable Steel Masses

MAAP (kg) MELCOR (kg)

Active Fuel Cell 9.68 x 10 1.2 x 10'$

&

Upper Fuel Tie Plate N/A 2.4 x 10'

and Top Guide

Lnwer Fuel Tie Plate and Core 2.4 x 10' 1.5 x 10'

Support Plate

CRD Tubes N/A 2.1 x 10'

Total 3368 x 10' 7.2 x 10'

3.3 Initial RPV Inventory and Control Volume

The values of the RPV Inventory and Control Volume for MELCOR and MAAP were matched. MELCOR has -

some unique problems associated with attaining a stable 100% power configuration. A stable case with

approximately 259,000 kg of water (liquid and vapor) was used, and duplicated in the MAAP code.

Figures D3 and D.4 show the arrangement of the RPV control volume. MAAP uses eight volumes, while

MELCOR was configured with six. MAAP uses separate volumes for the upper and lower downcomers, as well as

the recirculation loop. MELCOR combines these into a single volume and uses a volume vs. elevation table to

account for the geometry.
1

As mdicated in Table D.4, the distribution of the RPV volumes was modelled fairly closely. One difference'is in

ithe standpipe and separator region, but since MELCOR and MAAP match initialwater (liquid and gas) inventory,
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this should only result in a small difference in ' e initialliquid RPV inventory. The biggest discrepancy 1ies in thea

location of liquid water above and below the top of active fuel (TAF). This discrepancy will be discussed at length

in Section 4.1.

Table D.4 RPV Values

Volume Description MAAP (m') MELCOR (m')

Core 33 3 333 m'

Upper Plenum 27 3
44.9 -

Standpipes and Separators 44.9

Steam Dome 217 218.6

Upper Downcomer 141 183.8
Amt belowjet pumps = 41

i

Lower Downcomer 41

Lower Plenum 115 103.5

Recirc Loop 4.6 Included in downcomers

3.4 RPV Heat Slabs

*ne heat sinks employed by MAAP for the reactor pressure vessel and its internals can be found in the Primary

System's input block of the parameter file. For MELCOR, this data can be found in the heat structure card

images designated"IIS". Table D.5 breaks down these slabs and their masses. Figure D.3 gives the location of

these slabs in MAAP.

Nearly all of the differences in the mass of the heat slabs are due to the difference in the lower head mass. In
,.

MELCOR, a value of 7.5 x 10' kg was used for the heat up and failure of this component, but not in the heat slab'

input description (see Table D.5).

3.5 Containment Configuration and Initial Conditions

Both MAAP and MELCOR were modelled using a three control volume containment. Figure D.5 is a drawing of

a Mark I steel containment. In MAAP, the drywell, wetwell, and pedestal cavity are modelled as separate control

volumes. In MELCOR, besides a drywell and wetwell, the downcomers connecting these two regions are a

separate control volume. During corium ejection, the receivingvolume is the pedestal cavity in MAAP, and the

drywell in MELCOR. Ilowever, in MELCOR, the CORCON model is used, and this essentially places a core

'
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Tcble DJ RPV lle:t Stabs

MAAP MELCOR

Item Description Number mass (kg) mass (kg)

4

Shroud 1 1.6 x 10' 2.68 x 10

Shroud Head 2 2.0 x 10'

Standpipes and Separators 3 5.0 x 10'

Upper Head 4 5.2 x 10' 53 x 10'

Upper Downcomer 5 2.38 x 10'

Lower Downcomer 6 1.59 x 10'

Lower Head 7 7.5 x 10' 3.2 x 10'
r

Recirc Loop 8 2 x 10'

Shroud Support 9 2 x 10'

RPV Cylinder 10 4.0 x 10'

Separator and Shroud Head 11 6.% x 10'

Dryers 12 4.27 x 10 4.27 x 10'4

4

Shroud Lower Plenum Extension 13 1.5 x 10

Total 6.9 x 10' 6.4 x 10'

catcher in the dnwell thermal. hydraulic control volume. In Table D.6, we note that the total free volume is

maintained. For comparison, the MAAP drywell and pedestalvolumes were set equal to MELCOR's drywell and

downcomer volumes. Very little of MELCOR's downcomer volume is occupied by liquid. Table D.6 also

compares the heat slab masses used in MAAP and MELCOR. Figure D.6 and D.7 give a schematic of the heat

slab locations used in M AAP and MELCOR.

We note that the agreement is very good for the heat slabs (Table D.6). One difference is in the way heat loss

from the RPV vessel to the drywell is handled. In MAAP, one supplies a heat loss from the vessel at time zero

(for our case 1 MW), while MELCOR uses the RPV surface area and a heat transfer coefficient supplied by the

user (in our case b = 6.62 W/m , so the initial heat loss is also = .66 MW). However, MELCOR's RPV mass also8

is available for dynamic effects as the accident progresses. *Diis may involve slightly greater heat transfer to the

drywell during the heat-up and relocation of fuel. Based on a conversation with Fauske and Associates,Inc., input

parameter "QCO" (the 1 MW value) is used to get a heat transfer coefficient between the vessel and drywell, and i

hence, the two codes are in fair agreement.
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Table D.6 Containment Configuration
.

4.

MAAP. MELCOR

Volumes

Drywell 4560 m' '4235 m'

Wetwell 7132.5 m' 7132.5 m'

Pedestal 240 m$ N/A

Downcomer N/A 565 m'

Masses

8
Liquid Water 3.5 x 10' kg 3.5 x 10 kg

Heat Slabs Aren 'Ihickness Area Thickness

Drywell Wall 1736 m2 .0286 m 1736 m' .0286 m -

(+ concrete with
1" gap)

,

Drywell Wall Concrete 1.57 1.57

Drywell Floor 132 1.44 132 1.44

Drywell EQ 801 .017 801 .01747

Wetwell Wall 1584 .01588 1584 .01588
.$

Wetwell EQ 4188 .017 4188 .01747

PedestalWall Upper 767 .349

1105 .4055 /:

Pedestal Wall Lower 337. .533

Pedestal EQ 67.8 .0586 ,

RPV Surfaces 420 w.13
,

The MAAP and MELCOR inputs were compared to assure that the initial pressures, temperatures, and relative

humidities in the control volumes, which make up the containment,were compatible (see Table D.7). In addition,

the containments are both inerted.

!

|
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Tchle D.7 Ccctallment Control VoIIme I:ltlal Condition

MAAP MELCOR

Pressure Temperature Relative P T RH
Humidity

Drywell 0.1 MPa 330K .5 .1 MPa 330K .5

Wetwell 0.1 MPa 305 .5 .1 MPa 330 .5

Pedestal 0.1 MPa 330 .5 N/A

Downcomers N/A .1 MPa 330 gas /305 .5

liquid

Wetwell Pool 305 .305

3.6 Reactor Building Configuration and Initial Conditions

Both MAAP and MELCOR use the same 8-volume reactor building model (Figure D.9). He volume of each of

the control volumes were compared and their values are shown in Figure D.9 in cubic meters. The reactor

building's air atmosphere will support hydrogen combustion. Both codes model containment failure to occur dong

the boundary with the reactor building torus room (Volume 401 in Figure D.9). The temperature of the reactor

building is at 295K, and atmospheric pressure.

Because of the important role the reactor building plays in attenuating the radiological release from the

containment, a large amount of detailwas incorporated into its heat slab structure. Six surfaces, including the

external wall of the reactor building, primary containment wall, ceiling, floor, internal wall, and miscellaneous steel

are modeled in each reactor building volume in the MELCOR deck. He number of heat slabs available for each

reactor building control volume in MAAP is limited to the outer wall, floor, and internalwalls. The last of these

was used to simulate the miscellaneous steel used in MELCOR. Also, impaction was not used in the MAAP run

for reactor building volumes. Impaction modelling is recommended when using MAAP for IPEs. A comparison

of the modeling used in the Reactor Building for representative Reactor Building control volumes is given in Table

D.8. ,

The floor areas are equal,which is important because they are the aerosol settling areas. He important difference

is the surface area and thickness of the steel representations as it affects heat transfer. A vertical orientation was

used in MELCOR for all surfaces except the floors. Ir MAAP more stect mass is spread over a larger surface

area with a smaller thickness then in MELCOR. His should decrease MAAP's heat removal time constant when

D 18
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Tchte D.8 Reactor Buildi g IIcat Slabs

MAAP MELCOR

Control Volume and Slab Surface Thickness Mat Surface Thickness Mat

Description Area _(m) Area (m)
(m ) (m')2

401/ Torus Room
i Floor 1166 C 1166 .75 C

Outer Wall 2264 2.65 C 1391 .5 C

Misc. Steel
Inner Walls 0.0 S 805 .75 C

P.C. Wall
Ceiling 1166 .75 C

402/ Typical EO Room
Floor 588 C 588 1.15 C

Outer Wall 1556 1.57 C 671 .9 C

Misc. Steel 167 .0127 S

Inner Walls 921.8 0.0042 S 950 035 C

P.C. Wall 315 1.5 C
Ceiling 588 0.6 C

, 408/ Refueling Deck
Floor 1362 C 1362 .23 C
Outer Wall 1362 .23 C 3063 .00254 S

Misc. Steel 356 .0127 S

Inner Wall 9804 .0056 S

Ceiling 1661 .0254 C

C = Concrete, S = Steel, Rooms 402 to 407 inclusive are equipment rooms

the containment fails, possibly reducin g flow out of the Reactor Building failure location,which is in the Refueling

Bay volume.

In MAAP the outer wall and internalwalls of the MELCOR model are combined in the outer wall slab. Although

the surface areas seem close, the thickness is much greater in MAAP, and hence, the total heat capacitance will be -

larger. Because concrete slabs react relatively slowly in terms of heat transfer, the effects of this difference may

not be all that great over containment blowdown time. liowever, both the effects on aerosols and vapor

condensation must be considered. Wpor condensation should occur on all surfaces regardless of orientation.

3.7 Fission Product Groups

MELCOR tracks 103 decay heat elements in 16 fission product classes. Ilowever, only 29 of these elements

contribute any significant amount of heat, and their masses essentially constitute the total mass of the radionuclide

groups. MAAP requires the user to supply 22 elemental masses of which 19 are made part of the 12 groups of

fission products. The other three elements, Zr, Nb, and Ru, are always part of the core material (see FPGRP

Li D-20
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subroutine description in the M AAP User Manual). The masses determined for the 29 fission product elements of

MELCOR were used in the MAAP input. Specifically,there were 20 common elements,which are primary

contributors to decay power in MELCOR, and are mass input elements in MAAP. Sm and Pu masses also were

included in MAAP, but not considered as major decay power elements in MELCOR, and hence, they were not

mass contributors to MELCOR's Decay IIcat Fission Product Class. Table D.9 shows the elementalmass as

employed by the two codes.

Table D.9 Radioactive Masses

Element MAAP (kg) MAAP and MELCOR (kg) ' MELCOR (kg)

Sm 53.8

Pu 743

As 0.01

Se 5

Br 1.97

Rh 35 .

Pd 89
4.7Ag

Sm 3.9

Da 121

Nd 315

Pm 12.9

U 13x19

~

Xe 429.36

Kr 34349
I 18.963

Rb 32.202

Cs 236.15

Sr 85.872

Ba 121.65

Y 42.936

La 10734
Zr 311.29

Nb 3.578

Mo 275.51

Tc 71.56

Ru 182.48

Sb 13954
Te 35.78

Ce 24330
Pr 93.028

Nd 314.86

I
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13.8 Model Options

I

3.8.1 Core Concrete Interaction

!

In MELCOR CORCON's default values for timestone, common sand concrew are used. This composition is !

duplicated in MAAP. The CORCON crucible or core-catcher used in MELCOR is approximately twice the floor

surface area used in MAAP's pedestalvolume. This was a modification made late in the study to simulate the

spreading of corium on to one-quarter of the drywell floor area. MAAP allows the corium to be entrained out of !

this pedestal region by the water gasjet as well as spill over or out the pedestal-drywell man ways. These model

options chosen for MAAP and MELCOR are consistent with their RPV core ejection models. |
1

3.8.2 Core Models

MAAP uses a "no core blockage / local node cut-off" model and single-sided Zr clad oxidation. The effect of this

option is to prevent oxidation in a cell node, if it is completely full of corium. Ilowever, MAAP 3.0B rev 7.0

contained an error which resulted in no core blockage as well as no local node cut off when the previously

mentioned option was chosen. In MELCOR, a core support plate failure model is chosen which, when failure of

the plate occurs at 1273K, allows core debris, relocated on the failed core support plate ring, to pass to the lower

plenum. Also, the corium default ejection model chosen in MELCOR permits ejection from the vessel of all

debris (solid and liquid),which exists in the lower plenum's bottom axial segment at the time of penetration

failure, provided the liquification of the debris meets the constraints explained in Appendix B.

3.8.3 Burn Model

MAAP assumes that conditions for ignition and flammability are the same (zero effect of the ignition and ,

flammability limits [1)). MAAP uses an auto ignition temperature for H burns of 983K and has an inerting steam2

mole fraction of .75. MELCOR uses the default values applied when no ignition source is available,as would be

the scenario for a station blackout plus loss of DC. This scenario requires an H mole fraction greater than or2

equal to 0.1, and an O mole fraction greater than or equal to 0.05. He combined H O and CO mole fraction2 2

must be less than or equal to 0.55,

3.8.4 Aerosol Model

Five acrosol sizes are used in the MELCOR calculation. In MAAP an Aerosol Multiplier (FAERDC) equal to 3.0

is used. His will result in a slower transition to a lower aerosol equilibrium steady state airborne mass,if a

D-22
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change in actosol pressure occurs, than a FAERDC equal to 8.0 (a previously recommended value). 'Ihis smaller )
|

value should decrease a compartment's DF.

4 Discussion of Results
i

The outcome of this comparative numerical experiment is described in terms of four accident time phases. Table

D.10 lists some of the key event times. Those times after the core support plate fails are particularly noteworthy.o

Note that for MELCOR three different values are listed for core plate failure times because corium flow across

radial rings is not permitted in the MELCOR model. In MAAP, once the wre support plate has failed, all molten

materialis relocated to the lower plenum. All the corium flows out of the vessel at once.

One other observation should be made at this time: the MELCOR model prevents the debris in the lower plenum

from being ejected at the time of vessel failure. His ejection is prevented because there is a constraint in the l

code, which requires at least 5000 kg of molten mass or a melt fraction of 0.1 (COR.RM-64).

4.1 Vessel Mass and Energy Considerations from Accident Initiation to Clad

Damage (Plot 1)

Although MAAP and MELCOR began with nearly the same water inventory, there is a relatively large difference

(approximately 8 min.) in time to core uncovery (TAF), which grows to about 20 min. by the time the level reaches

the bottom of the core. He latter is affected by corium relocation, and the former can be attributed to a

mismatch of the initialwater inventory location. Table D.4, and Figures D.3 and D.4 should be referred to in

order to follow this discussion. Basically, MELCOR's Steam Dome and MAAP's Upper IIcad have equal

volumes. MELCOR's Upper Plenum and MAAP's Standpipes and Separators also have equalvolume (44.9m').
-

|

Oas and liquid phases exist in the core and higher volumes. He lower downcomer, recirculation loop and lower

head volume can be assumed to contain only liquid water at accident initiation. Ilowever, by comparing the ,

,

inventories in these volumes and remembering that the total primary system inventory is the same in both codes,

we can infer the liquid water distribution above the core region. MAAP has a 115m' volume in its Lower Plenum,'

vs. only 103.5m' for MELCOR's comparative volume shown in Figure D.4. This means that a full 11.5m' of liquid

water is located below the core region in MAAP that must be above the core region in MELCOR. Further, even

though MAAP and MELCOR input represent the same volume for their cores, MELCOR's core is a separated

volume. MELCOR's mre has a pool covered by an at.mosphere,while in MAAP a two-phase representation is

used. These configurations translate to be roughly equivalent to im' of liquid water that would be above TAF in

M AAP and below TAF in MELCOR. Further, MAAP has 4.6m' of liquid water represented in its recirculation

loop. MELCOR represents this in its downcomer volume but MELCOR's downcomer volume equals that of

MAAP's. Therefore, MAAP has another 4.6m' of liquid water below TAF that has been modelled in MELCOR

D.23 i
j



i .

Tcble D.10 Key Evert Times .
,

s

Event MAAP(s) MELCOR(s)

Loss of all electrical power 0.0 100

Core uncovery (swollen level at TAF) 1900 2500

Collapsed water level at BAF ' 4600 5900

1 kg of hydrogen generated 2924 4000

'

Clad damage (clad perforation) 3147 3800.

Initiation of clad melting 3920 4500

First fuel material relocation 3930 4500
1

First fuel material relocation to core 4538 5100

support plate ,

i

Core support plate failure 7752 9800 (RI)
6500 (R2)

15,500 (R3)
?

Vessel failure time 7765 9910 (R1)
12,000 (R2)
22,000 (R3)

Cavity receives mass 7765 14,900-

Concrete attack (gas released) 8447 20,000

Containment failure - 86,000 32,000

Start of burning in reactor building 86,000 32,000

~

Reactor building failure 86,000 32,000 -
-

-

Note: R1, R2, and R3 refer to redial rings in the core region. R1 is the inner ring and R3 is the outer ring /
,

as above TAF. Adding these differences in liquid water placement results in MAAP having about 15m' of liquid

water volume below TAF that MELCOR has above. With'a density of 739.4 kg/m'. and a latent heat of '

evaporation of 1.5x108 kJ/kg, the required energy to convert 15m' of liquid to steam is 1.7x10''J. Other differences
~ which may affect the predicted times to TAF are: main steam isolation valve and feedwater flow dynamics, fuel

.

stored energy, and other heat slab effects. .

f
.

In MAAP both MSIV flow and feedwater flow are modelled to stop at time zero. In MELCOR feedwater flow is J

ramped to zero in one-hundredth of a second. Ilowever,in MELCOR 3 seconds are allowed for the MSIVs to

close, losing approxim'ately250m' of steam inventory. This inventory would be relieved due to SRV actuation in ]
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MAAP. Therefore, this loss of steam in MELCOR will simply relieve RPV pressure earlier than in MAAP. This

should have little effect on the time for the water level to reach TAF. He MSIV discharge is akin to an early

SRV actuation.

Stored fuel energy will be considered next. la MAAP 5 full power sec.onds (5] are used to represent the stored

energy in tbc fuel. The equivalent average temperature for the fuelin MELCOR can be determined. Using Table

D.2 for UO mass, we have =1.685 x 108 kg. With a specif:: hat of approximately300J/kgK [5], the stored energy

is 5.06 x 10' J/K. One full power second is 3.293 x If W-see or 3.293 x 10' joules. Therefore,in MAAP 1.65 x

10'' joules represent the stored energy in the fuel. The fuel temperature in MELCOR above saturation would

have to be 326K to match this. A review of the UO temperature plots in MELCOR would show approximately2

900K at steady state instead of the ar891K as ex9ected by MAAP.

In M AAP the RPV heat slabs have more mass ! ban in MELCOR. These slabs absorb heat because the saturation

temperature rises after the MSIV closes due to Iweased RPV pressure. Table D.5 shows the difference in slab

mass, a difference of .5 x 108 kg. The increase in s 4turation temperature between 1000 and 1100 psia is

approximately SK. With a steel specific heat of al Btu /#F or 460 J/kgC, we obtain a stored energy difference of

1.15 x 10' joules. That is, the heat slabs in MAAP would be available to cool the inventory by 1.15 x 108 joules

more than those in MELCOR. The difference in heat loss through the RPV walls is 880 Mw-see over 2000 sec, or

8.8 x 108 J. This is because the loss in MAAP is 1 MW vs. 66 MW for MELCOR,

At 2% of full power 6.6 x 10' joules /sec are produced. Table D.11 represents the energy differences discussed

above in terms of time at 2% of full power. Table D.10 shows that MAAP predicts water to drop to TAF 500

seconds before MELCOR. IIence, much of the difference can be attributed to the 15m' or nearly 12,000 kg of

water that MAAP has in the lower plenum and that MELCOR has above the core.

Table D.11 RPV Mass and Energy Summary

Description of Difference MAAP vs. MELCOR

lower plenum water decrease by = 256s = 1.7 x 10'' J

Fuel stored energy essentially equal

8
Stab stored energy increase by = 3s = 1 x 10 J

RPV heat losses over 2000s increase by = 27s - 8.8 x 10' J

Totals decrease by 226s

We should make one more point before leaving this discussion on accident time phase. Because MAAP has the

clad and fuel pellets as part of a single temperature node, we expect that while decay power, and not clad
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oxidation is driving the energy source in any given core cell, MAAP will give a higher clad temperature than a

multinode fuel model, such as contained in MELCOR. This will drive the cladding to an earlier time of enhanced

oxidation,and result in early hydrogen generation. We observed this in MAAP's prediction of 1 kg of hydrogen

generated about 1000 see after TAF uncovery. We compared this prediction to MELCOR's prediction of 1500

sec. %Is may also be effected by the finer core axial nodalization present in MAAP as well.

Once the cladding's oxidation becomes the primary heat source, MELCOR should heat its clad up faster than

MAAP. He fuel nodalization scheme in MAAP should result in a slower temperature rise in the clad as it

couples its temperature to the UO . This will result in a longer time for clad oxidation before it relocates.~ We2

expected to observe a longer time differentialbetween clad damage to clad melt for MAAP than MELCOR.

However, this differentialis only marginal as shown in Table D.10. We attribute the reason to the much smaller

fuel cell size used in MAAP or differences in equations on clad oxidation rates. ,

4.2 Core Heatup to Vessel Ejection (Plots 2-32)

We enter this time phase defined as the time of clad damage with a 550-sec difference between MAAP aud

MELCOR. As we progress to clad melting, and initiation of relocation, the two codes essentially maintain this

difference. There is no increase in divergence from the initiation of relocation to the time of fuel relocation to the

core support plate. In MAAP, before material relocates to the core support plate, the node above the plate

would have to receive some molten eutectic material. MELCOR has no such constraint. Instead, solid debris

from cell 110 (Figure D.2) will have relocated to the support plate as soon as this cell's structural integrity has

been lost. This is due to the error in version CZ as we discussed earlier. Thus, while MAAP's relocating material

is undergoing a candling process on its way to the support plate, MELCOR's so'dd debris is undergoing

gravitational settling.
:

A consequence of these models is that it is entirely possible for water to be above the support plate in MELCOR

at the time of first relocation of solid debris there. However, this consequence is very unlikely in MAAP, certainly

with a given radial ring, because if water had been present,it would have arrested the melt progression to this

lowest node. A review of the core level vs. time plot in MELCOR (Plot 27) clearly shows that there was water

(2500 kg.) present above the core plate at the time of solid debris relocated there. This water i.s rapidly boiled off;

Table D.10 shows that all water in the core is boiled-off at 5500 sec, that is 550 sec after the first relocation of core

debris.

In MAAP, no water remains in any fuel channels at 4600 seconds (Plot 25), which nearly coincides with the first

relocation to the plate that occurs at 4538 s. Note that in MAAP, the presence of liquid water above the core
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plate does not mean that there is water in the hottest channel. In MELCOR,if there is liquid water above the

core plate, there is liquid water also in the hottest channel.

Once the lowest fuel cellin MAAP becomes fully molten (2500K), at 7752 s, more than 3200 seconds after first

fuel relocation to this cell, the core support plate fails. De relocation in MELCOR begins with cell 110 reaching

its clad melt temperature of 2500K. The conglomerate (molten) debris, which is mostly Zr clad, carries with it

about 20% (by mass) of UO In solid form. This initially is transported down to cell 109, where it refreezes. The -

remaining solid UO from cell 110 is supposed to remain in cell 110, because the porosity of the intact fuel cells2

was input at 0.99. De UO remains in the cell to simulate that the solid debris size is too large in its assumed

particle size to be transported past a.' intact fuel cell. Ilowever, because of the error in the MELCOR code, about

10 tons of the 15 tons of UO initiallyin cell 110 is transported to the core support plate,where the water boils off.2

Cell 111 cannot be transported to the compacted cell 110 because it has not yet reached its failure temperature,

and because cell 110 is not fu'ly empty of material. If cell 110 were fully empty, cell 111 materialwould be

transported with its geometry intact to cell 110. Because cell 110 has particulate debris, cell 111 relocates after its

clad reaches 2500K at around 5500s. De conglomerate debris from cell 111 travels to cell 109, and its particulate

debris travels to cell 110. De non fuel bearing cell 112 will be free to be transported to cell 111, when all

component masses have evacuated that cell or when the materialin cell 112 melts.

The water boil-off produced by the relocation of some of the particulate debris from cell 110 is insufficient to

quench all of the intact core and may have shortened the time to failure of cell 210 because of increased steam

availabilityfor oxidation heatup of that cell. After an initialdip in Zr temperature, cell 110 rapidly heats up and

fails at about 6000s. Again because of a code error, some of this cell's particulate debris is relocated to the core

support plate. Flowever, with no or little water remaining above this structure, to cool the 10 tons of UO from2

cell 210 relocated there, ring two's support plate quickly attains its yield strength temperature of 1200K at 6500s. j

This results in the relocation of all particulate debris in the core region of ring two. This is another error (caused ]
by the same mechanism as the first error that we discovered)in MELCOR. MELCOR should have transported U

only the particulate debris available on the lower core support plate at the time of its failure instead of all the

particulate debris in ring two. All the particulate debris in ring two includes that in cell 210 and cell 211, because

these cells had reached their failure criteria. This would mean that about 30 tons of UO are initially transported2

to the lower plenum region when the core support plate of ring two fails. This debris begins the boil-off of the

lower plenum water. At about 8000s, cell 109 reaches its failure temperature. At 9800s, the core support plate of .

ring one attains its yield temperature,and the particulate debris from this core's ring (about 45 tons) are

transported to the lower plenum, which has been sufficiently boiled dry by the mass relocation of ring two to the
Iregion. The result is rapid failure of a vessel penetration in ring one at 10,000s. At 12,000s, a vessel penetration

of ring two fails. It takes beyond 21,000s before any additional fuel cells fail, with the last cells, those in ring

three, relocating at 26,500s, when the lower support melts.
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In MAAP, when the plate fails, all molten debris flows down the break location and combines within one radial

zone of the lower plenum. It then boils the water in this region and attacks the lower head penetrations. From

Plot 26, this happens at 7752 sec. Because this materialis fully molten with a eutectic melt temperature of 2500K, ;

it is no surprise that the lower head fails quickly thereafter. The melting temperature of steel is only about 1700K. .|

Also, because of the melt progression, there is little time for the water to boil-off in the plenum region in MAAP.

Herefore, at time of vessel failure, much of the water in the lower plenum is ejected.

Although MELCOR first fails its center ring penetration at 10,000 s (Plot 30), we note that ejection does not occur ;

until approximately 15,000 s, when the debris, previously cooled by the water in the lower plenum, heats up to the

extent that either 5000 kg or 0.1% of the corium is molten. This modeling criteria results in a condition, where,

even though MELCOR fails a vessel penetration only about 2,000 seconds after MAAP, the first time core

material exits the vesselis nearly 7,000 seconds after MAAP. We also should note that lecause of the options

selected in the MAAP model, when the vessel fails, the entire core and molten lower core support plate steel are

ejected.

Before discussing the effects of corium ejection on the containment response, a word about in-vessel hydrogen

generation is appropriate. Approximately 860 kg of 11 is predicted to be produced in-vessel by MAAP before ,

2

vessel failure (Plot 31). All corium is ex-vessel after vessel failure. In MELCOR, approximately 1000 kg are

predicted before vessel failure. Although nearly all the Zr in MAAP reaches 2500K before being ejected,in

MELCOR some fuel cells are relocated before reaching 2500K. |

Severalitems effect hydrogen production:

Water availability.

Time at elevated temperature*

Surface area-

Stainless steel oxidation+

The surface area for oxidation used in MAAP and MELCOR for our case does not consider double-sided clad

surfaces, llowever, the similarity ends there. MAAP uses a fixed geometry for each fuel cell until there is no

longer any Zr remaining in that cell. MELCOR uses a complicated geometry algorithm on the fuel cells, which

experience conglomerate debris mass addition or removal. First, MELCOR increases the available area for

oxidation on mass addition, and then decreases it as the conglomerate debris begins to reduce interstitialvolume.

Particulate debris is assumed to take on a spherical form with a one-inch diameter; however, this form does not

affect Zr, but only UO .2
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Because the fuel ecIl temperature nodes of MAAP include a lumped parameter assumption for the UO , clad, and2

channel material,we anticipate that if the nodalizations of the core were equal for the codes, MAAP's cladding

would remain at an elevated temperature for a longer period than MELCOR's.

In MCLCOR's hydrogen production, about 100 kg is produced by stainless steel oxidation. His production is not

modelled in MAAP. We believe that another reason for the hydrogen differences between the codes is the

availabilityof the water for oxidation. Here are two essential features here. The first involves the total amount

of water which is made available to the Zr for oxidation. MELCOR boils-off a greater inventory of water before

vessel failure.

He second feature, however, is just as important. This feature involves the temperature of the Zr at the time of

water availability. In MELCOR, part of the water made available to the Zr includes that from SRV actuation. ,

De Zr can either be quenched or heated-up through rapid oxidation because of the presence of water,its flow

rate and the temperature of the Zr. In many of the cell Zr temperature plots, after the lower core support plate -

fails at around 6500s, there is an initial cooling of the core Zr. However, after this cooling occurs, a heatup occurs

during the time before vessel failure at 10000s.

As an example, a study of the Zr temperature of cell 209 shows a quench just after 6500s. When the first lower

core support plate fails (ring 2), the temperature then recovers, because the mass of the relocated materialof ring

two is not enough to sustain rapid water boil-off from the lower plenum. Its stored energy is too small and it

reverts to decay power boil-off. During this time, the Zr in cell 209 again heats up and because sufficient oxidizing

water is available, hydrogen is produced. Another cycle is reached on the failure of ring one's support plate, but

because more mass is relocated into the lower plenum when this ring fails than that of ring 2, a greater core

quench is observed. It then takes a longer time to get the Zr in cell 209 to elevated temperatures, and under these

conditions, there is no longer any water in the lower plenum for boil-off.

A review of the H produced in the core for MELCOR shows that nearly 80% of H is produced between the time
' '

2

the first lower core support plate fails and the vessel failure.

In MAAP, all hydrogen is produced before core support plate failure, and hence, only the water above this plate

and some relocated there on SRV actuations is available for the H production.2

In summary, there have been cases where MELCOR predicts less H produced in-vessel than MAAP because of2

small input changes. This happens when the relocation of materialin ring one is sufficient to cause that rings

lower support plate to fail first, and the remaining core is then quenched. Therefore, rings two or three do not ;

experience fuel failure until well after the vesselitself fails. In those cases where MELCOR predicts more H than2

MAAP, the first fuel relocation in ring one occurs later than in the low H: case, and it is insufficient to fkil the
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ring one lower support plate before some fuelin ring two relocates to the core plate, and ring two's support plate

fails. De two cases in MELCOR do not have a different heat-up rate for ring one's support plate. Instead, the

different phenomena is tied to the temperature of the clad in some of the fuel cells of ring two. In the low 11:

case, ring two cells are quenched by the water boiled-off by the relocated mass of ring one, while in the high II,

case, the temperature of the clad is sufficiently high in the second sing to experience only a momentary quench

before the amount of cooling water becc,mes insufficient. Thereafter, oxidation heatup drives ring two cells to fail

and rapidly attacks ring two's lower support plate. Nearly 400 kg of additionalliais produced after ring two's core

support plate fails.

Finer core nodalization in MELCOR and also in MAAP should affect II: Production. Further, the correction of

the relocation modelin MELCOR should have a major effect.

In MAAP increasing the number of rings should result in a more rapid failure of the core support plate, which

may reduce the time to vessel failure and reduce 11 production.3

In MELCOR a finer nodalization should decrease the time for first fuel relocation to the core support plate,which

should help cool the remaining intact fuel and decrease II, production. Correcting the relocation model, however,

should have the opposite effect because no relocation of particle debris to the lower plenum will occur until the

lower cells in a ring fail.

4.3 Containment (Plots 31, 33-58)

The significant figure of merit during this accident time phase is the time to containment failure. Table D.10

shows a surprising difference in time between the MAAP and MELCOR predictions. MAAP predicts failure due

to a temperature degraded failure pressure of 130 psia at 86,000 seconds. MELCOR predicts failure at 32,000

seconds because of a temperature affected pressure as well. However, the pressure at the time of MELCOR's

failure also is 130 psia. MELCOR's drywell wall temperature at this time is close to 1000K. MAAP's wall

temperature is about 700K when it reaches drywell pressure failure. Here is a greater rise in drywell temperature

in MELCOR than in MAAP.

Starting with the ejection from the failed vessel's penetration, MAAP and MELCOR take very divergent paths.

MAAP's corium is essentially molten at 2500K. Further, after it has been ejected, a large jet of water and gas

levitates a large fraction of it into the drywell and out of the pedestal region (Plots 36 and 41). MAAP's pedestal

is actually a sump. After the effects of entrainment,about 80% of the corium remains on the drywell floor and

the rest is in the pedestal area. The large lower plenum water mass also cools the corium. Except for the initial

time of dispersion, the corium temperature in the drywell (Plot 36) remainsjust below the ablation temperature
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for concrete (1500K). This would imply the very large drywell floor heat slab along with the water from the RPV'

~ ffectively cools the corium which has been transferred from the pedestal region. This will effect the amount ofe

CCI gases produced, leaving only the pedestal region for CCI. IIere,looking,at the plot of corium temperature

versus time (Plot 41), we see that this fraction of the ejected core materialproduces concrete attack (see Table

D.12). We should keep in mind that the evaporative water is released at 1500K in MAAP. Further, outgasing of

the pedestal heat slabs is modelled in MAAP. Outgassing of non-corium covered concrete heat slabs were not

modelled in MELCOR. MELCOR also does not release evaporative water until concrete ablation temperature is

reached for the concrete in contact with corium.

MELCOR predicts gradual ejection of the corium, and because the initial amount of corium was cooled ly the

lower plenum water,it is actually much cooler than 2500K (see Plot 54), and most of it is solid debris. Being

solid, the corium would not be entrained by the exiting gas, and it remains within the region below the vessel.

Here it heats the concrete to ablation. To simulate a degree of corium spread, the cavity volume has been

enlarged to include an increase in floor area that is equal to that of one quarter of the drywell floor. This-

enlargement doubles the cavity floor area over that as compared to the pedestal area. Further, there will be an ]
effect on the cavity side wall area exposed to the corium. There is an initial doubling of the contact surface for

CCI, which decreases to about a factor of 1.5 when all the corium is ejected. |
|

A review of MAAP's corium distribution (Plots 36 and 41) shows that of the total 270,000 kg of corium at vessel

failure, entrainment forces nearly all of the corium into the drywell until abouT90,000 kg settles back into the

pedestal, leaving 180,000 kg in the drywell. De corium ternperature of the drywell (see Plot 36) shows a very

quick cool down to below the ablation temperature of the concrete. The corium's contribution to containment

pressurization then is based on capacitance and decay energy heat transfer by convection to the atmosphere, and j

radiative heat transfer to the heat slabs. Here also is direct heating of the atmosphere by fission products -

contained in the atmosphere. The drywell floor is competing for the corium energy even though it does not reach

ablation temperature.

In MAAP's pedestal region, the 90 tons of corium stay above the concrete ablation temperature,which results in

the release of H and CO. The rate of concrete attack can be found in Plot 42, where after 50,000 s, almost one-
2

half of a meter has been decomposed. De global H and CO mass release plots (Plot 31) show that there is a

gradual addition of non-conJensable mass to the containment. De free water in the concrete, which represents

nearly 1/2 of the total amount of water,is freed at the same temperature as the ablation temperature.

Over 10,000 seconds from the time MAAP's cavity received the corium, the addition of H and CO mass to the

atmosphere are about 350 kg H and no CO. In comparison to this, we see from MELCOR's total gas release

from cavity (Plot 55) a negligible release of noncondensibles (15,000 25,000s). The next 10,000 seconds, however,

are significant. In this time period (17,000 27,000 for MAAP), there is little further release of gas as the concrete

is being heated to ablation in the pedestal. In MELCOR, this period is from 25,000 to 35,000 seconds. During

D 31

__- .



,,
._.

i
'

Tcble D.12 Corium Effects in Catallment

Event Description MAAP MELCOR

Mass ejected from RPV Nearly all at once Gradual over time
,

Composition Mostly liquid. Mostly solid.

Temperature =2500 K Initially much cooler < 2000K
e

but later ejected material ist

close to 2500K.

Ejection Sequence 100,000 kg of cooler liquid Tens of thousands of kg of
water and gas follow eject water ejected before corium,
on top of previously ejected
corium.

Distribution Mostly liquid corium is Being mostly solid debris it is
distributed throughout contained within a pedestal-
drywell and pedestal region, like volume and .25 of

drywell.

Heatup No radiative heating of gases Radiative heating of the
directly by the corium pool containment atmosphere by

or crust. corium pool or crust.

Wetwell Airspace Temp at TOF* M4' K 370* K

DW Gas Temp at TOF 710* K 1300'K
DW Pressure at TOP 127 psia 130 psia

Mass of H produced at TOF 1250 kg 1140 kg in vessel only

Mass of H produced in vessel 860 kg 1000 kg
2

at time of RPV failure.

Mass of H product in vessel at time of 0.0 kg 100 kg
2

RPV failure by stainless steel

Mass of CO, CO , and H in =12,400 kg =7850 kg
2 2

containment (DW and WW) and RPV at
TOF

DW Liner Temperature 700 K 1000 K

Concrete ablation distance Vertical .7m = 100 to Pedestal 0.9 m Cavity Volume
Region

Horizontal .7 0.25 m

. Decay power as percent of total power 90 100 % 10 - 100 %
. . . . . . . .. .. . .. ,. .. . . . .. .. .. . ..

'TOF = Time of Failure (Containment)
Note: MAAP predicts about 4 Pa/s DW pressurization rate after RPV vessel blowdown. MELCOR's DW

pressurization rate is not at all linear due to the discrete e.dditions of corium from the vessel to the .
corium pool in the cavity.
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this time, MELCOR predicts containment failure and produces nearly an additional 13,000 kg of non-condensibles.

Only 8000 kg were necessary to cause containment failure.

Therefore,we should appreciate that in MELCOR non-condensibles are produced at a faster rate than in MAAP.

One look at how 270 tons of corium at a density of approximately 10,000 kg/m would be spread is revealing. The2

exposed concrete area in MELCOR is 68.5m . In MAAP, with a pedestalwall height of about 0.46m and corium2

2 2
of 90 tons, we have within the pedestal, a contact area of 34m , and in the drywell region another 112m . This

yields a concrete attack area in MAAP of nearly 150m , more than double that of MELCOR's, and the height of2

the corium in MAAP's drywell is only 0.2 meters. MAAP does not predict sufficient heat flux for the corium in

the drywell to bring the concrete to ablation temperature. The result is a very slow rate of attack in the pedestal

region.

De mass addition rate, however,is only part of the difference in containment failure time between MAAP and

MELCOR predictions. Ilow the source energy is transferred also is important. Besides the additional area of .

direct contact concrete in MAAP, the gas or atmosphere is heated differently in MAAP. As has been discussed,in

MELCOR radiative heat transfer from the corium to the gas is used, which results in a very quick rise in drywell

temperature (see Plot 50). This stands in sharp contrast to the temperature histogram obtained with MAAP (see

Plot 35). The linearized rise rate in MELCOR is 3.0K/ min from the time of corium ejection to containment

failure. The corresponding rate in MAAP is about 0.3K/ min, which occurs even though far more corium is ejected

earlier in MAAP than in MELCOR and over a greater surface area.

In MAAP the slabs are heated by radiation from the corium and then the atmosphere by convection and radiation
'

from the slabs. De drywell wallis a single node, and for a Mark I, this involves a large mass. The need to heat .

this mass before the atmosphere responds to the radiation from the corium is non-conservative because it will

underpredict containment pressurization. This difference in modelling on the ouicome should be quantified.

Recall that there is a containment concrete wall separated by a 1" air gap in both MAAP and MELCOR models.

Also, the energy absorbed by the drywell floor heat slabs should be compared before any conclusion regarding the

differences related to the energy release in the CCI models of MAAP and MELCOR can be drawn. A

comparison of the drywell wall and atmosphere temperatures for the two codes shows a very big difference (Plots

50 and 49), with MELCOR showing a difference of 300 K between wall and atmosphere temperature at the time

of containment failure. The convective heat transfer between the atmosphere and wall shows how low this

parameter is (Plot 51). Remember also, that MELCOR has a multi-node, drywell wall heat slab, a high

atmosphere heat up rate, and the enhancement of the atmosphere's absorptivity because of acrosols. In contrast,

MAAP shows an atmosphere and drywell steelliner temperature which nearly duplicate each other (Plots 45 and i

1

35). !

|
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L Neither code !.as a rigorous radiative heat transfer circuit from the corium to the slabs and atmosphere. The <

;

beam tength assumption that MELCOR uses for the atmosphere, and whether the absorptivity error is acceptable

should also be confirmed. For large partial pressure of steam, CO , and aerosols concentration, a difference in ' ~i
2

beam length of 10 meters may have a small effect on the overall absorptivity of the drywell's atmosphere.

4.4 Fission Product Response Including Revaporization Concerns (Plots 59 60) 1

'

For MELCOR, we can present at the this time only plots of total radioactive masses released from fuel, deposited -

on all control volume slabs, and released to the environment to determine an effective total DF. We will present -

this for time of fuel relocation, time of vessel failure, time of containment failure, and at 24,000 seconds after
a

containment failure. The first of these represents release from clad perforation before first relocation. From '

Table D.9, the total radioactive mass is 3,230 kg plus 1.3 x 105 kg of UO . From Table D.13, we see that3

MELCOR predicts a decontamination factor by the slabs of slightly greater than 2.

;

. He MAAP data takes a different form. He only ex-containment release fraction supplied is for Csl (Plot 60). q

This shows a release fraction of .05 at the time of containment failure, growing to nearly .2 about 30,000 seconds -

after this. .

Table D.13 Radionuclide Tracking for MELCOR t

-

Times-+ 4,750 15,000 '36,000 60,000

Total radioactive mass (kg) 5 170 :1,000. 1,100 'r
released from fuel .

_
,

ted on slabs 0 5 500 600 .

In umtainment atmosphere
'

Acrosols 3 1- --
6

Vapor 95 300 40--

In. containment pool
Aerosols 2 25 39 39
Pool .. .. .. ..

In environment
Vapor 375.. - ..

. Aerosol 14.5.. - ..
,

L Total 390.'

,

'

|
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The DF (decontamination factor) that MAAP yields for this one element, not including any DF afforded by the
'

reactor building, would be about 5. This is better than double the average of all radionucleate DF afforded by

MELCOR, and MELCOR's number includes the effect of the RB.

MAAP and MELCOR models differ in decay power distribution between the radioactive isotopes.

As part of the MAAP MELCOR comparison, a review of the heat produced by the fission product material groups

for both computer codes was performed. Cs1 and CsOli are of particular interest. Table D.14 shows that MAAP

has a fixed power factor for those compounds of 15.1% and 10.0%, respectively, That is their fraction of total i

decay power. For MELCOR, the corresponding power factors are determined for Csl by noting that all of the I

will combine with an equal number of moles of Cs. Thus, the power factor for Cs! would be slightly higher than

that for I alone or group 4 in Table D.15. MAAP predicts a higher power factor than MELCOR for Cs! for

nearly all time periods except approxirnately two hours after scram (7458 s in Table D.15).
,

For CsOll, MELCOR simply augments the Cs of Class 2 with hydrogen and oxygen. Therefore, the power factors

for Cs should be used for comparison against MAAP's value of 10% Again, MAAP's predictions are on the high

side, by as much as an order of magnitude at the time of containment failure for the BWR Peach Bottom Loss of

all Power case. This finding means that MAAP would be expected to have revaporized these compounds earlier

than MELCOR, and that they may have been removed from the gaseous phase because of deposition in the

containment by the time containment failed.

Table D.14 Power Factors of the MAAP Fission Product Group

Fission Product Group Power Factor

1. Noble Gas 2.8
2. Cs1 15.1

3. TeO 1.9
'

2

* 4. Sr0 6.2
5. moo 5.02

6. CsOli 10.0

7. Ba0 --

8. La 0 -
2 3

9. CeO --
2

|10. Sb -

11. Te2 1.92 i

12. UO + NpO + pug )--
2 2 2

'Taken from MAAP 3.0D Subroutine CMlIEAT
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Table D.15 Power Factors of the MELCOR Fission Product Group *

Ilssion Prmluct Group Representative Initial . Power Fraction at MAAP
Mass (kg) Equivalent

600s 74s8e 20,000s 30,000s g ,,, ,

1. Noble Gas Xe 464 7.4 7.1 3.9 2.8 1

2. Alkali Metals Cs 268 9.9 1.6 0.9 1.0 - 6

3. Alkaline Earths Ba 208 10.0 11.0 11.4 11.1 4,7

4. Italogens 1 21 13.0 16.0 12.1 11.0 2

5. Chalcogens Te 41 53 8.0 9.2 ~ 10.2 3.11

6. Platinoids Ru 307 2.8 4.0 4.6 4.7

7. Transition Metals Mo 351 9.8 5.2 5.8 6.2 5-

8. Tetravalents Ce 594 8.8 20.7 29.4 293 9.12

9. Trivalents La 571 24.0 243 23 3 22.5 8

10. Uranium U 1.3:10 4.5 0.5 0.2 03 128

11. More Volatile Cd 1.4 3.5 1.4 0.9 0.7 10

12. Less Volatile $m 8.6 0.7 0.5 0.2 0.1

13. Boron !! -

14. Water NO -
2

15. Concrete - -

16. Cal Cs! 1x10''

' Compiled from MELCOR Sensitivity Run 177, 4/26/91

5 Summary

Using MELCOR for comparative purposes, shows that the two codes' representations of physical models are

different from the time of core relocation. Modelling the relocated material as an cutecticliquid leads to much of

the difference. Because of this, the attack of the lower core support plate and the subsequent failure of the lower

head are seen in this study to be performed with greater mass and higher specific energy content in the MAAP

representation than in MELCOR. The M AAP model of lower head attack has some physicaljustification if one

believes that a large mass (here nearly the entire core) would flow down the control rod drive guides, and attack

the penetrationswith a surface area equal to that of a few CRD tubes (only those tubes in the initially failed

region). One would expect a rapid failure of a penetration whose melt temperature is 1700K, when surrounded by

a large quantity of corium whose initial temperature is 2500K. Some questions remain, however;

s .Should relocation only occur for molten debris?

Should all debris be molten?.

Is it appropriate to assume a fuel cellis in equilibrium with any corium debris which might enter it, -*

thus not permitting transport of the liquid debris to the cells below until the cell in question has

reached the cutectic temperature?

Is it correct to assume that all molten debris as it exists in the core will flow to the lower plenum once.

a core support plate failure occurs?

Why must the entire lower cell become fully molten to produce a lower core support plate failure?.

Why must the lower core support plate fail to allow progression of a liquid corium to the lower.

plenum?
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nese and other questions arise if one attempts to associate a physical meaning to the M AAP model. MAAP's

predicted failure times up to vessel failure are conservative with respect to MELCOR. By using the molten debris

model, and not allowing blow by of the lower plenum water and RPV gases, entrainment out of the lower plenum

region is considered in MAAP. This results in the water cooling the corium while a large fraction of the corium

(more than 70%) is spread over the drywell floor. The size of the drywell floor and the water cooling that the

corium experiences result in this drywell corium not having enough energy to produce concrete ablation. De

result is a much reduced gas addition rate to the drywell atmosphere when compared with MELCOR results. ,

Furthct, the heatup rate of the gas in the drywellis much less than predicted in MELCOR, even though the

surface area of the corium exposed to the atmosphere is greater. MAAP's approximation for a transparent

(absorptivity of zero) atmosphere with heating of the gas by convection from the drywell liner and pedestal heat

slab may not be conservative.
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L, Any use of a severe accident code for IPE work should require a plant specific review of the temperature and-,
t

* ,

1 4 . .
.

.
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. . . . .

:ir pressure containment failure modes. If a criteria on temperature-dependentpressure failure had not been '
'

.

,
. Included here, the difference in the . times to containment failure predicted by MAAP or' MELCOR would be 'mu'ch,

greater.
,.

'
'

+

At this time, the radiological consequences have not been fully reviewed and we will withhold comment in this' v;

:t- area.
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Poesh Sett e BWR 4/M i ,
.

'
,

eee. Reersers . .

see . Seguente Lang Tere stetten Slechout Witheet Depreesurisettaa ,

see , Campartmantes RPf(6) SW(1), W(1). SC(0). ENY(1) |
ee eeeeeeeeeeee e eee eee e eeeee eeeeeee eeeee eee eeee eee eee e eeee eee e eeee eee e eeee eeee es
eeeee e eee eeeee eeee e eee e eee eeee eeee eeeee eeeeeee eee e ee....e e eee eeee .s s e eeee eeee ee
see N M FICATI M SteetART -

.eee~ NtB W M DATE DESCRIP!TW 'see
ese . .. .

,

see O CJs 02/24/04 e FREAR START . STRIPPED Dia RINTURY !

see Fam Ptee.D&T. ADDED BEN decay EEAT TABLE.
/

*** VWT DOWWCOER NDDEL. R&D1&TIVE HEAT TR&BSPER.
eee . PIBF Am CBD LE& East. RELTRAC C051R0L FUNCTIONS. 1

*** CWT &!MNT TUT P&TES. My M IWVT.
ese 1 IM . 12/01/08 RMorm RELTRAC CF'S AS ERP& RATE FILE RELTac.D&Tst.'4

,
e*, 2 IM 02/14/08 - NetFIED BETERAL IEPUT PARMETERS IN CER PEO.

i eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee .
' eeeee. eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
H e 12 7.27.90 F11ememme are cheaged

e TITLE 38.LT.W/O.DEP
TITLE- ' Peach.tettem'
Jos1D 'Sao. Time 0'
e CENUT

. e GLffPUTF
e 33374R17
* DIA0F
PTTDet 0.1
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
e .....eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee. ........eeeeeeeeeee.....e ...........
*** 305.CouMESIEE.E GASES PACKAGE
ee eeee e eee e eee eeee eeee ee eeee ee e eee eeeeeeee e eeeeeee eee eeeeeeee eeee e eeeeeee e eeeee
e** 4AS NATIBIAL NEST 3RR
3c0000 02 4
5C0001 32 8-
EC0002 - E2 4'

- '

N00003 - CD 7
' i5C0004 C02 4

3C0006 CB4 9 'I

eeeeee eeee e ee e eeee eee e eeee eeee eeee eeee eeee ee eeeee ee ee eeee ee ee ee ee eeeeeeee eeeeee
! eeeeeeeeeeee s eeeeeeeeeeeee. ....eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

e*e CONT 10L.T.D.u..ast.W.TD.eG.m..em..!C.S..P..AC.IA.C.Eeeeeeeeeeee .e . .. . eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
CT 100 is the Dryve11...

ee.
CV10000 DRYWE11 2 2 2
Ci10040 2 , ' '
e NAAP em1me f or pressere.1.041ee.12.10.90
e holetive haanidity 801 (JV) 92.01.91 "

CY10041 PTM. 1.04158 , PE20 8430.0 -
e CV100&1 PTtI. 1.0100ES PE20 0.0 ,

e NAAP value for atmosphere temperature. 12.10.90
CV100&2 TAIN 330.0 7715, 300.0
CV100&3 NFRC.1 0. NFtc.3 0.0
e taerted cantatement (JV) 02.01.91
CY10044 Irkc.6 1.0 W RC.4 0.0
e CV10044 NFtc.8 .TST1 NFtc.4 .2329 .

e proviemely CT100A0 3
e CT10043 .NASS.1 0.0 . NAS$.2 'O.0
* CT10064 IE.FR.6 .T871 NLFR.4 0.2329

,ese
*e* ALTITIRE VtListE
CT10001 - .$.083 0.
CY10002 . .4.838 4.104

-

CY10083 4.331 ed.374
'

CT10004 23.485 4236.0
eee

. ' * * *
Agrees with 3E. MAAM input (fleer area = 1422.1 flee 2. helps to

ese' leser lip et vent lines = 1.0 f t. total free volume = 168008 flee 3 -
see- JLS 11/19/04
eos Correrted unite samversten error for elevation of lever lip
ese and added euer velases to tehle
e** MD 9/12/04
eee Correrted for the additten of the veet/deemaemer volume CT100
ese CJE 2/24/98

0' eseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee.....eee....... .......
eee CT 100 is the Deensener Telene
eee
e++ sheet Smittel ata. 4 lig. taperateree. pressures. PE20.LB...
* . esteet of phasee ... la all cooperimente r
UT18000 Tert /powcassa 2 2 2
CT18040 3-
e teletive hum 141ty 301 (JV) 02.01.91 :!

CVlacal PTEL 1.04158 PE20 8430.0
* CT180&& PTtI. 1.04185 F520 0.0 .

CT10042 TATM 330.0 ' 77 5. 305.0
e seteell volume. le 12.10.90
CVitoa3 2PtI. 11.86 TF00 0.0 .
* CT14043 IPtE. 41.435 TFOG 0.0

' * 1aarted senteament (JV) 02.01.91
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- CT180&4 IE#t.E 1.0 1878.4 0.0
e CT16064 IE#t.8 0.7871 DEJR.4 0.2329
ese
ese ALT!TURE VOL188E
CTit001 12.81 0.0
CT14002 10.63 82.0
CT100&3 9.0F 387.0

CTeoeeeeeeee.4M...... M.6. 0 '
48004

e es . . eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee... eeeeeeeeeeeeeeee .
*** CV 2001e the Wetwe11
es* ehect tattial ata, a 11q. temperatures, pressures. PE20.12...
CT20000 WETWELt. 2 2 3
CT20003 47.33 e . CV area for velocity calculattaa
CTWO40 3
* Relative hemmadity 50 % (JT) 92.01.91
CT2C241 PTER. s.041ES PE20 2410.0
e CT200&1 PTtE. 1.04158 Pe20 1.0
CT200&2 TABI 304.0 TPtE. 304.0
* setsell volume la 12.10.80

- CT200&3 2 PEE. 11.44 TFUG 0.0
e CY20043 2PtE.' .11.434 TFUG 0.0
CT20044 IEEE.5 1.00
eos
one ALTt1UCE VC12868
CT20004 34.3s 0.0
CT20002 18.14 572.7
CT20083 13.33 2114.3,

- CT20004 32.41 2829.4
C120006 32.11 3292.1

- CT200 H 11.74 3447.5
CT200tf 11.80 - 3000.0
CT20006 10.&3 44.tf .2
CT20009 10.28 50M.3
CT20004 9.07 4033.7
CT20083 4.to SH7.6
CT2000C 4.93 7132.5
* s*** ell volume. la 12.10.90
* FSAA total volume bened as everages of two numbere (free te) 6

* 1e ver? sleses 7233 m3 se leave the eri al value
e Ibe average lip id volume le 3649 m3 ( ). This value cerrompande to
e the taltial vetor level of 11.08 m (the original see .11.435 m
e at th 50* ) ,

eee
ee* Data certected for additten of CY100 and empended to tactade

eeeeeeeeee.n.t. ire..la.str.u.m.entien volume tehle . CJS 2/24/08
*** e

.. . .. . eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ... e......e -

e e' SE2. VIE.UIE PRDe&AT SYW1138 FRot NAAC05 TOLt2EE/ALTTTUDE Tear 28
ee eeee eeee eeee eeee eeee ssee ee ee eeee eeee eeeeeeee eee eeee eess eese seeee e ee eeeeeeeeee
'*** CV 310 is the teacter Pressure Teeeet Ameales ,

...
e 01.16.91: egm111brime ertsen, se veper . level lasert vertedt -
CT31000 asuuLUB 1 2 1 e pts.8015. VERT FLOW. Pkt CV
e CT31000 asuut28 - 2 2 1 e 313-3G TE. TERT FLOW. PRI CV
e Time 0 eetschlag to 3. 11.01.30

CT31041 PTtI.' . 7.0388 . * P/7/2 DATA
CT31040 3

e 1030 P51
* 01.14.91 1 missal level from 9.0 to 13.0 metere (target 14.6 metere)

- e tales the veter lavearery to match It&&P and denly
i 'e lasteh111ty develope... s

CT310&2 2PCE. 13.a e metere
e CT31043 17tE. P ,f.0 * DRG E -
e CT350&2 PE20 1.0 * PE20 a PTEE.
* CT31043 - T&111 1.0 e - TATIl * f(SAT) AT PE20 ,

e tismos TPEE. 841.0 eriginally
e CT31044 1PCE. H7.0 e MS E
e CT31045 IFRC.1 0.8064004 e ertC P05. 99296.5 las 320
* CTS 10&S Irk:.2 ' O 0 * IrtC F00

d i * CT380&f. IFRC.3 0.1118018 e IrtC STtJet. 11210.4138 E20
*/.
de ALTITtEE VtE.tBIE' ,
CT3108& 3.006 .' O.0000 e 3077138 0F SERES S&f712

8.000 48.0323 e JET PIBF 13047
' CT350Wt ~ 9.162 '51.8464

,

CT3108P
CT310ST 10.480 41.1004 e EtFrftBI 0F SERSS IEBE

. CT31000 11.242 74.3767 e 1tr Er SB SD DIBE '
CT31000 . ,16.431 143.7962 e Ttt W SEP&h&TERS
e-

10.10.90 timeos FeeJeater Fles (gaastity per unit time. sit-0817)
e latest late laser Planum lastead of desmesmer (sendemeattaa
e f a ? ama.esPLt11traue seee 11.05.so)
CT3 M 1 184a6.1 320 3
(T3DC2 TE 321 9
e

W33. . " "4-M&SSFLW TAB.FUE ' 1 1. 8.
W 32J03 320

^

CF32010 1. O. TDtB .

e-" .
1732000 FW-M&SWLGf 6 1. 4.
TF32011 0. 1870.0 10. 1870.0 ' 100. 1870.0 e

TF32013 100.01 0. 1.84 9.
e
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e sameistrity drap teuperature se typese alfe=0.4 Problem.
'a sete uneoverf.. 11.16.90, original TTv=444.34 E -
CF33100 PV-TBF ' Sp;&LS . 1 1. O. *
W 32101 444.36

r !W32110 0. 444.34 TDE
- e<
e CT33000 ataas.1330 2 e tehuler functions f1st rate ag/s
e CT330C1 TE 3218 e tehuler fonctient temperature. E
e
e flee -
* TP32000 WPT 3 1.0 0.0
e TP33010 0.0 1870.0 100.0 1970.0 100.01 0.0
e temperature

- e TP33100 TN 3 1.0 0.0
e TP32110 0.0 484.38 5.0 444.34 100.0 444.34
e
ee e ee e e e e. ......e eee e ee.. .......e e eee ee ee e ee e * ** eee e ee e. .... .....eee eee e e ee e e e
en- CT 330 to the Beester Pressure Tessel Leser Plenum

lasim41ag the laternal volume of the jet PuePe> en;;s
no
CT32000 1mER-PL3stal 221e 95 80 TE. TERT Punt, Pat CT
CT33040 3 * P/T/I DAT&

-CT330&& PTIE. T.0M8 e 1030 PS!
CT330&2 2Ps. 5.4M3 e Peel elevaties .
* CT33042 PEM . =1.0 e' PE30 = PVII.
e CT33043 T4118 ' = 1.0 e ' T&fts a f(847) AT PE30
e CT330M TME. M7.0 * DSB E

e WRC Pom., 1 Mota.9 LDS E20e CT33048 Wac.1 1.000 '
e IrtC P00 -

.

* CT32044 WRC.2 0.0
e CT330&7 WRC.3 0.0 e 851C STRAft
see-

'*ee ALTITuts Tcuatt
CT32001 0.000 0.0000 * BOTT131 W RPT
CT33082 1.29M 11.40M ,

CT33083 2.7787 34.7344
.!CT33054 3.2600 ' . 61.34ee

CT33036 4.2383 81.M91
CT330M 8.21M 99.23M
CT33087 8.4M3 103.44M e 30fttbl W ACTITE PUBL
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeessee .
eee CT 330 se the teetter Pressure Tessel sy.Pase
ne
e Timaos shenge to recemem4eds ' CT33040 3 Prevleue17 2

515-50 TE. JERT Pt.0W. Pt! CV .|* CT33000 ST-PASS 2 2 1 e

, .. * CT33040 2 e P/T/I DATA
e CT33041 PTE. 7.03E4 e 1030 PSI

' e CT330&2 . PW30 ~ *1.0 * PE30 * PTM '
e CT330&3 Tallt -1.0 . e T&TN * T(847) AT PE30
e CT330M TPtE. MS.O e SM E
e CT33048 IIPRC.1 0.994M48 e Mtc POW., 41700.1 L38 E30
e CT330M 01P9C.2 0.0 + IFRC P00
e CT330&7 ' W3C.3 0.0068458. e IW3C STEAft. 233.1 128 E20
en . ,

e egm111brius,

CT33000 BT.P&as 2 . 2 1 e 35 80 TE. TERT Puaf. PRI CT
CV33040 3 a P/f/2 DATA
CT33041 PVtE. T.03M e 1030 PB1
CT3M&e IPG. 9.487 e Peel elevetten
CT33043 TOID 0.0 * - tattial Teid
en
ee. 41TITURE
CT33007 1. 4943 ' TIEAIEO.0000 e 807198 W ACTIVE PUEL ,

CT33000 0.2841 4.7000
*

CT33000 ' ?.0143 9.5779
CT330BA 7.7e03' 14.3Me
CT330eg 8.M23 18.sM4
CT3300C 9.3043 23.4486
CT33050 9.007 28.7014 + TOP W CIRE TOP OUtBE
useuuneeeneueeeueenowneenoneeenueueee eenoueeenneenennee
see CT 340 se the Asector Pressere Tessel Chem e1
no
e Timaet ebense to r= " d CT34040 3 Freelanely 2
e some 1ePet to sammentet out ...
e aan-esys111hrten
e espallakries 11.04.00
CT34000 taesIEL 2 2 1 e 305-30 15 TERT Punt Pat CT ,.^t
CT34040 3 e P/T/1 MTA
e eenottivityt drap inattal Freneure. heap 11 W 4 is. 11.02.90 ...
CT34041 PvtI. . 7.0338 e 1930 781
CT34042 2PtL 9.847 e Pool elevetten
a laitial void, 11.02.30
CT34043 TitD 0.0 . e lattaal void
e CT24042 PB30 1.0 + PE30 = P95. -
e CT34043 . T&1BI ' 1.0 e T&198 = f(SAT) AT PESO
e CT340M TPG. Me,8 + Iml I
e CT34045 IFRC.1 0.5844448 e IftC 705. 53MO.8138 EM
e CT3e0M W ac.2 0.0 e ISRC PIM
e CT34047 IrtC.3 0.0064886 'e artC FrtaM. 300.7 LSE E20

.

*** ALT!1UEIE TERJ2EE
CT340sv s.4e43 0.0000 e sorta W actTTE PUBL
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CT34000 6.3tes . 8.1880
CT34039 - 7.0183 , 13.3730
CT34004 7.7003 14.0806 '
CT34000 e.M33 j . H.4793

.
', - CT3400C ' 9.3043 30.TF91

33.3968 * TOP W CORE TOP OEFIIE*"

eeeeeeeeees.9.es?ee eeee eeee eeee eeee eeeeeeeeeeee eeeeeee e e.e eeee eee e e.ee eeeeee ee eeeese
CT34000

4 - e 10.30.90 tisse ispid.etees misture
*ee CT 300 to the heester Pressure Weseet

,

ese troud Dems. Pipes. and SePeresere
.e Tlese 'shenge to recommandset CT36040 3. previsuely 2 ,'te eene tapet le commeted out ...

* e.ge11&hrtes..
CT30000 smotD.DtBE 221 * 305 50 TE. VERT Ft.DW, PRI CT
CT35040 3 e PSA MTA
CT30041 PvtE. 7.0330 e 1030 PSI
e Code interpretesta of toput p. CTE.08 16
e 11.07.00
CT38042 27tE. 13.000 e Pool eteention
CT38043 'T01D 0.0 e

e CT380&2 PEN .l.0 e PE30 = PTtE.
'e CT30043 . T4111 .t.0 * Tallt a f(SAT) AT PE30

,

e cV360M TPtR. 844.0 e DAB E
e CT35048 W ac.1 0.96 e WRC PetE.

. * CT380M Wac.2 0.0 e trRC Foe
* CT360&T -lytc.3 0.06 e IrBC STBeft
ese 1

*** ALT!1UDE ftEAntt
CV38084 9.Ge7 0.0000 e Ttr IF CERE TEF GIFIDE
C73a050 10.400 17.9933 * 30TTtBI OF SERWD DONE
CY34005 11.082 27.3577 e TEF W SalRfD CtBE =i

CT38054 15.431 44.9011 e 1W W $5 PAR &1128
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee.eeeeeee.
no C13eo le the asectG Pressure Vesset

aryer nessem and steen %=. i|."
. .ee

CT3e000 8T5411-313E 221 * 55-30 41. TERT Ft.OW. PE! CT
CT30040 3 e FA A DATA
CT30041 TOID - 0.900 e

CT30062 ' PTE. 7.030s e 1030 PS! '

e CT30042 PE10 1.0 * PESO * PHL
e CT3e043 ' T&1N 1.0 e TATM e T(847) AT PE30
* CT38044 . , TPtL 650.0 e 200 E .
e CT30045 NF'RC.1 0.0 e IIFRC Mite.'

* CT300M ' IIFRC.2 ' O.0 e IrtC F00
* CT30067 frac.3 1.000 e OrtC 375411. 18798.3 L38 E20 ,

!t <

e** 'ALTi1UDE 7 tela:E
CT34084 16.431 0.0000 * T1F W SEP&RATIES.

wM 18.430 < 30.5498 * SUTTtal DF MAIN STE&ft 1.IEE
CT3eOSE 17.088 40.1837 e 1tr W NAIB STEast LIM
CT30001 22.343 214.5000 e 1tr W BPT

' * * *
* 10.22.90 time 0s steenline camaected to a huge stak volume
e Talvo eleses en times CF 43
CT43000 SL 815E - 2 3 1 ,g

. CT43040 3
CT430&t PTtE 7.01304 RIMI 1.0
CV43042 TPtL 0.0 VFOG 0.0
.e e : .. ELET TEE.

' CV43001 17.2 9.
{CV43082 , 44. 1.E10

e.
FLO4200 E..PATE 300 430 22.343 22,243
F184301 1.000 0.5 1.0
FIA4302 ; 3 0 ' O O j
FLO4303' 1.0 1.01

FL64381 1.000- 0.6 1.422 .
FLA4390 .43 43 43
e
CF04300 ISIT TAS.F051 1.0 0.0
504303 48
CF043101.0 0.0 TDE
a slese in 3 eeesado
1F04300 - IISIT 3 1.0 0.0

100
'

'

eeeeeeee 0. 10... 103. 0 00.... 4TF.043110. 0.eee.0
1

. . .se e.ee ......e .....see.eo...eeeeeee ee ee
e.* CT 40110 the Tenus Been y

'.
CT4010e ettusIS AsJt' 2 3 4 * EIBI.M TE. VERT FLW. CNT CT
CT404&O 2 e P/T4 DATA s *

.

CT40141 PvtL 100000. PE3O 0.0 -
CT40142 Tallt 296.0 TPtL 396.0
CT40143 Iruc.1 0. IFRC.3 0.0

,

CT401&4 153C.8 .7871 W3C.4 .2339 *

t oo* .ELEV TEE.
CT40191',.17.2

.

O.
- CT40132''.4.1 .. 5438....e .e . . .ee ...e eeee....eee..................eees.o.e ......e.e.

ees CT 402 se me sema uit et me las Leeet
.
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CT40200127-135 001/72 2 2 4
CT M 2A0 2
CT402A1 PTM. 100000. PE20 0.0
CV402A2 TA M 295.0 TPOL 295.0
Ct402AJ M ac.1 0. U RC.3 0.0
CT402A4 WM.5 .7811 MFDC.4 .2329
ese EIET TE
CT M281 .4.1 0.

5154.
CT40282eeeeeeeee. 5. 1eeeeeeeeeeeeeeeee....... .....e eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee.

CV 403 Se the serthers half of the 1351.evelese
eee
CTM300127-135 30175 2 2 4
CT M3A0 2
CT403A1 PTOL 100000. PE20 0.0
CT40312 TAN 295.0 TPOL 295.0
CT40313 W3C.1 0. p 3C.3 0.0

CT403A4 W M.5 .7871 kF3C.4 .2329
eee ELET TE
CT40381 4.1 0.

CT40382.... 4. 5 5154 .ee eeeeeeeeeeeeeeeee.....e eeeee....eeeeeeeeeeeeeeees...ee...ee eeeeeee..
ese CV 4041e the Southeast quairent of the 154 Level
see
CVM400 L27tL.184-88 2 2 4
CT404A0 2
CT404A1 PT3. 100000. PS20 0.0
CT M 412 TATM 295.0 TPOL 295.0
CT404L11 Fac.1 0. U RC.3 0.0
CT404A417hc.5 .78f1 WRC.4 .2329
... gLg7 Tm.
CT40481 5.1 0.
CT40482 14.3 23&4.
eeeeeeeeeeeeeeeeeeeeeeeeeeee...ee.......ee eeeeeee eeeeeeee e. .....eeee eeeeee....
e.* CV 405 Se the rematador of the les Level
...
CT40500 12V12.154. MAIN 2 2 4
CT40510 2
CT405&1 PY3. 100000. PE20 0.0
CT405&2 TA1M 295.0 TPOL 295.0
CT405A3 Mac.10. W RC.3 0.0
CT405A4 Wac.5 .7871 MTnc.4 .2329
eee ILEY TG,
CT40531 5.1 0.

CT40582 13.8 7066,
eeeeeeeeeeesseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenseeeeeeeeeeeeeeee

CT 404 to the Southeast quadreht of the its Leveleee
ese
CT M 400 12TEL-195 5E 2 3 4
CT40410 2
CVM4A1 PT3. 100000. PE20 0.0
CT40412 TATM 295.0 TPOL 295.0
CT406A3 W 3C.1 0. W RC.3 0.0
CT406A4 Mac.5 .7871 ERC.4 .2329
ese ELET T3.
CT40631 14.2 0.

2442.
CT40432.. 26.1e ee... .seeeeeeeeeeeeeeeeeeeeeeee. eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee,
eee CT 407 Se the rematador of the 195 Level
ee.
CT4070012TIL.195.MAIS 2 2 4
CT401&O 2
CT407&1 PTM. 100000. PR20 0.0
CT407&2 TATM 294.0 TPOL 295.0
CT407A3 F RC.1 0. Mrac.3 0.0
CT40?A4 W3C.5 .7871 MrRC.4 .2329
eee 512T TM.
CT40731 14.2 0

C.T40732 . 25.5.... 4444. ....ee ... eeeeeeeeeeee e.. .... .........eeeeee ee......seeeeeee eee.....ee
CT 400 Se the Refueling Sayees

e
CT40e00 REFUELI30 8AT 2 2 7
CT40a&O 2
CT404A1 PTM. 100000. PE20 0.0
CT406A2 TA1M 295.0 TPOL 295.0
Cf406A3 wic.1 c. w ac.3 0.0
CT40414 E9C.5 .7871 ERC.4 .2329
**e ELET TG.
CT40481 26.1 0.

CY40682 44.0 31048.
eeeeeeeeeeeeee eeeeeeee eeee eeee eeee eeee eeee eeeeeeeeeee eeee ee ee eeeeeeee eeee eeee ee
ees CT 409 Se the Turtime ha1141ag
..e

CV40900 TURRINE.30ILD130 2 2 5
CT40910 2
CT409A1 PT3. 100000. PE20 0.0
CT40912 TATM 294.0 TPUL 295.0
CT40913 W RC.1 0. MTac.3 0.0

Mr3C.4 .2329
C.T.40944 W3C.5 .7871e 12T Ta.

Lbting, May 131991e - 5 -



CT40901 5.1 0.

C140902... 21.0e eeeeeeeeeeeeeeeeeeeeee. .........1.....ee........eeeeeeee. .....
14H 28.

.eeeeee
ese CT 410 is the Envireemaet
ee.

CT41000 ENT130aMErf 2 2 6
CT410&O 3
CV41041 PfG. 100000. PS20 0.0
CV41012 TATM 296.0 170L 295.0
CT41043 HFRC.10. MTRC.3 0.0

,

CT410A4 IW'BC.E .7671 NFAC 4 .2329
eee Suv 900
CT41081 -17.2 4.
CT41032 45. 1.E10
e eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee. eeeeeeeeeee........eeeeeeeeeeeee
seeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee. ...ee

W W IWPUT
see FLOV PAT.E..P.eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee......eee...eeeeee.
eeeee MgL/SRT Flow Path
eeeee Free RPT MEL suslet to T4eacher la Vettell
eeese
FL34200 STfJM-LIBE.SRY 340 200 18.73 15.01
FL34201 0.1319 47.15 0.0 0.s414 0.2764

TERT, ACIIVE, 30 SUnaLES, 3033L22FL36302 0 0 0 1 e
FL34203 S.0 8.0
FL342VO 1 105 106
ft.34281 0.1319 47.14 0.4811 5.E-4

ee BROVWS FERAT. DITIDE SRf'S INTO FC1JR M(3f7f0EE CR3JPS
*** BAC 07/01/04
eee
*** CF108 CITIS FRACTICE OPEN OF THE Nst/SRT FLOW PATV (FL342)
**e IT IS THE SIM OF 4 CONTRE. FUNCTICRIS. EACE CITIM THE Nt.MBEA
*** OF TALTES OPU IN ONE SUB5ET WITS NONOTtufE FU/CLOSE
ese tzanMT111STIC8
eee
CF10500 SRT AEC 4 0.0804 0.0 e8F = 0.004 = 0.7665/13
G10611 1. O. CFTALU.101 eftMBER WEN II CAalP 1
G 10812 1. O. CFVALU.102 outmaER WU IN CamfP 2
G10813 1. O. CFVALD.103 estMBER NEN 13 CADUP 3

1. O. CITALU.104 erLMBER OPU IX CAGJP 4
G .10414ee
CF10100 SRT.1 8757 1 1.0 0.0 eCA00P 1. SETS 1,8,9
CF10101 0.0 *IIITTAL TAl#8
G 10103 11 21 +1AADNuLDAD TF Mr.RS
CF10110 1.0 0.0 CFTALD.99
eee
ee 77011 SITIS TIE MBER OF T&LVES II CROUP 1
*** MCI ARE OPEN AS & TVWCTION OF RISINQ PRt321RF. DIF7IRDCE
ese
TF01100 SRT-LOAD =1 6 1.0 0.0
ese
see PRESSURE ELMBER WD
1701110 7.087 59E8 0.0
TF0!!11 7.08780E4 1.0 827 1 (1115 PSI)
1701140 7.7910tE8 1.0
TF01181 7.791022d 2.0 *SRT 4 (1130 PFI)
7701190 7.44417Ed 2.0
1701191 7.0441886 3.0 *SRF $ (1138 PSI)
ese
e.e 17021 CIVES M MBER W TALYt3 IN CRnDP 1
ee. WEICE &as OPEE AS & FUNCTION W FALLI30 PRESSU3E DIfftRDCE
e.
TF02100 $17.ONLAAD-1 8 1.0 0.0
ese
ees PRES 5Utt BLMBER WIN
1702110 7.213222A 0.0
1702111 7.26323Ea 1.0 6SRV 1 (1052 PSI)
TF02180 7.32217Es 1.0
T702181 7.32218E8 2.0 817 6 (1042 PSI)
1702190 7.39112E8 2.0 j

1702191 7.3811388 3.0 eSRT S (1072 PSI)
eee
CF10200 BRT.2 5757 1 1.0 0.0 .Ca00P 2 SATE 2,3.7,8,12
CF10201 0.0 *IIITTAL VALDE i

CF10203 12 22 +1AAD/UELDAD TF MBDS -[
i

CF10210 1.0 0.0 CFT ALU.99
een
e* T7012 CITES TIE 5tMBER W TALTES IN GRIXJP 2
e++ VEICE &at OPEN AS & FVBCTICE W RISIBQ PRF.SSURE DIF71RDCE

!eee
TF01200 SRT-LQAD 2 10 1.0 0.0
eee
ee. PBESSURE M BER WEN
1701220 7.70627E8 0.0
TF01221 7. fos 2sEs 1.0 51T 2 (1114 PSI)
TF01230 7.72208E4 1.0
7701211 7.72207Es 2.0 e8RT 3 (1120 PSI)
TF01270 7.?F79128 2.0
7701271 7.79792E4 3.0 48R1 7 (1131 PRI)
TF013eo 7.8254a84 3.0

LLsting, May 13 1991, - 6 -
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WO12s1 7.0264ses 4.0 eenT e (1136 Pet)
TF01300 7.00H3AS 4.0 .
W912C1 7.8Me4A8'S.0 e0RT 12 (1844 PSI).'

ee
! 7p022 etTES M utalaER W TRTES 15 GRWP 1- en-

MC5 ARE OPEN AS & FUNCTIOE W RISIM PRES 8URE DIFFERENCEeee
eee .

- -

WO2200 par-DE a&O-2 8 1.0 0.0
no
es* PSEBOORE FRACTION WEB. ,

WO2220 7.1016488 0.0
TF02221 7.1010400 ,1.0 e0RT 2 (102 PSI) '
WO3230 7.1943 ABS 1.0 -
WO2271 7.1842003 3.0 eetts 3,7 (1042 PSI)
TF02200 .7.3443308 3.0
WO231' 7.2463458 4.0 esRT 4 (1061 PSI) '

TF02200 7.200135 4.0
7"022C1,7.30013A8 S.0 eaRT 12 (1063 Pet)
no
W 10300 W3 STff 1 1.0 0.0 +4ROUP 3. SATS 4.6.10.11
W 10301 0.0 o!NITIAL VALOE
W10303 , .13 23 *Lo&D/UELa&D TF 3383RR$
W10310 1.0 0.0 CFTALU.99
ne

Ty013 GTTES M Nia:WER W T EVES I5 SASIP 3see
' "* , MCE ARE OPEN AS & FUNCf!05 W R181M PhESME DIFFERENCE
no

- TF01300 $at.LO&D.3 0 1.0 0.0
ne
see PRESSURE MalMR (FEN
WO1340 7.7 M64Ed 0.0
TF01341 7.7 M5488 1.0 ' eSRT 4 (1125 PSI)
TF01350 7.7634388 1.0
W 01361 7.76344s0 2.0 e8RV 5 (1128 PSI)

'
W01340 7.8609888 3.0.,-

WC1341 7.0009738 3.0 e8RT 10 (1140 PSI)
Tf01300 7.0064038 3.0
TF0121 7.8804888 4.0 *SRT 11 (1141 PSI)
no
ese Tytti erTEg M stagger W TEVES II GROUP 3

MCE &as OPEN AS & FUNCITOS W FALLf30 PRESEURE DI)1taENCEese '
ese
TF02300 Skt.U E a&D-3 4 1.0 0.0 ,

no
en PSBBSURE gletERR WEB
TF02340 4.99123A8 0.0
WC2341 S.9012484 1.0 - etRT 4 (1014 PSI)
WO2360 7.06333B8 1.0
TF02351.7.0632058 2.0 esRT 5 (1023 PSI) . .

WO2340 7.1163358 2.0
TF02&&1 ' 7.11634E8. 3.0 *SRT 10 (1612 PSI)
TF02300 7.3063058 3.0
TF02381 7.3083058 4.0 e8RT 11 (2000 PSI) !
no
W 10400 MT.4 SYST 1 1.0 0.0 *0ROUP 4. SRT 13
5 10401 0.0 el5!TIAL TALUE '

CF10403 14 24 eLo&D/VIEA&D TF U18E8828
0"10410 1.0 0.0 CFTALO.99
no-
ese TF014 GTTus TEE utatOER W TEVE8 IN GROUP 4 . ,

MCE &AE OPEN A8 & FUNCTION OF BIstm PRESSURE DIFFERENCE..e ,

***
. ,

.

TF01400 885-LOAD-4 2 1.0 0.0
en -

en - Pegagg s stSIM R W W
WO1400 7.0082258 0.0

' WO14D1 7.900238s 1.0 es? 13 (1847 PSI)
'

en
no TF034 OITES TE utamER W TALTES 15 etWP 4 ,

Mc5 &at GPEN A8 & FUBCTICE W FALLIBO PRESEURE D!WERENCE.en
en
WO2400 BBt-Ma&B 4 $. 1.0 0.0
no
es* .PbMAORE 53135R WEB
W92400 8.9081 3 8 0.0 '

WO24D1 8.9001J88 1.0 eekT 13 (1015 PSI) ,

N. ' Wee gloes the pressure differsance between the primary efeten
see am8 the erywell
en .

Croce00 POEF ADD 2 1. C.
: f509910 1.0 0.0 CTE-P.300 e PREM IN STEAN MBE

.. .e ee ee eeeeeeee eeee eee e e o.. ...e ee eeee e e ee ee e .E11...... .... ........ e ee eeCF00011 1.0 0.0 CTR-P.100 e PSEREIRE 13 DETW
..

a

Wessell/Drywell sammum breaker Plas Pathe**
- Prem the Wessell throup the vessum breahare.

to the Vent Lines (erfect$wely to the Brywell)e*e
eee
FLe2100 WEf-ORT.TACST 200 100 10.13 .4.01
FLettet11.88 0.8 0.0 0.446 2.08
FLO2102 3 0 0 0 e ElRES. ACITTE. 41N15/4WWS, 411005/&1h05

.
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FLO2103 1.0 1.0 '~i

FLO21TO 1 2 2 .

6.8 4
'

FLo2181 1.04 0.5 0.445
eee ,

W001, CF002, and 77030 spea med slese theeee
vacuus relief valves at 0.5 pel (M47 Pa)ese
differential preeeure begrees the vetwe11ese

eee end the dryvell
eee

,

*** 2002 = SFeTT030 shore SF = 1.0
ese TF030 * functies (CF001)
eee WOO 1 * P.CT200 . P.CT100
ees
2 00200 fac-BT TAS.FUE 1 1.00 0.00
CF00303 30
WOO 210 8.00 - 0.00 CFTAl#.001
eee

W200 * oeteell pressure . dryeell pressureese
...
CF00100 TAC.BT.DP . Ate 2 1.00 0.00
W00110 1.00 0.00 CTE.P.M0
200111 1.00 0.00 CVs.P.100
ee
TF03000 TAC.RV.AAEA 4 1.00 0.00
ese
See FRACTIM WSN PRESSURE
TF03010 0.00 0.00
TF03011 3.4448 03 0.00

. TF03012 3.447E*03 1.00 '

TF03013 2.000Ee04 1.00
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee '

see fant 1.1ame/ Test 5eeder/Deencemare
Frem the Drysell to the vetvelle**

e..
PLC1200 VENT.0FERING 100 150 4.7 4.7
F141201 24.4 13.1 1.0 0.73 0.73
FLO1202 0 0 0 0
FL01203 4.7 S.7 '

' FLo1281 24.4 13.1 1.31 5.E.8
eeeeee.
FL42000 DerectBEREE 140 200 12.81 . 13.41
FLO3001 24.4 3.9 1.0 0.001 0.001
F142002 0 0 0 1
FL42003 1.0 1.0
FLO2081 24.4 3.9 1.31 5.0E.4
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Pump Seal Leakage Taken Freen Desacener Tel 380 (46 1 )essee .
esee.
PL37000 La& EASE.Doru 310 100 4.838 4.0
FL37001 2.7835 4 0.15 10
FL37002 3 0 0 0
FL37003 1.0 1.0
FL37041. 2.e.7835 4.o '.O.15...,.0.00 431......eeeeeeeeeeeeeee**eeeeee eeeeeeeeeeeeeees ee eeeee . .eeeeeee

CR0 Seal Lankede fates Fram Leser Plenum (561 )
,

eeeee
eeee.
FL37100 LEAEACE-LP 320 100 ' O .1 4.0 3

t

F1J7101 3.309E.8 0.15 1.0
FL27102 0 0 0 0
FL37103 1.0 1.0

3 0.001004
FL3718.1.eee.300E.8 -. 0.14eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ......eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
eee - RPT Fim PATES i

i

Fim PATE Int Am 270 CtNSISTty! WTTE MIGNTS AND BOTTtM W CONTarL TGJMESse <

EftRACLIC DIAMETERS AND FRICTION FACTims CoustsTBNT WITE L&8&tM DECE. ese
ees Jhel 01/14/98
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
e 12.11.00 E5em Fles path for tremetent (efter VELOCITf bounda y
e eleses the FL312 path. VttACITT=0.0)
PL31100 DC-1# 310 330 8.000 3.000 e 8.003 N * epen flee a.*e
FL31101 0.8782 4.9034 1.0 0.1524 0.15M e DC.LP
FL31102 0 0 0 0 e DC.LP
FLatt03 0.0784 17.0 e

lattial velocityFL31104 0.0 0.0 e

PL31181 0.4702 4.9834 .2f743 5.05 08 18.0 e' "

FL311T1 .313 313 313
e opea deemsener after steady state is completed. 12.12.90
e ,;

CF31300 DC.TALTE T&S.FUB 1 1.0 0.0
W 31303 313
W313101.0 0.0 T1M
e open la 4 seconds )

TFht300 DC.TALVE 3 1.0 0.0 j
'.73'311 0.0 0.0 100.0 0.0 104.0 1.0

'
. 1

s

'i * **P.tT5 Fla&ME 3CTnt ECTTO EFW 270
FL31'J00 AB.1# 310 320 4.000 3.004 e 8.000 Il = JET PutP T3204T

FL3.4.ne.s0 time 0,4.9834p,w ~ 0.1524 0.1524 e AB.LP . )120 1 0.5702 - 1.0

|e.
e Futwo artcz.cr 312

1

.1
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* CF31300 Plaar. MAD WUALS 10.01.2A04 * Pe
- e W312101.0 0.0 T318
e 10.24.90t follettag 8450!A. Carmel. 10.22.90.
FL312ft 2 312
es

W31200 JPLAW.75LOCITY TAS.FUE 1 1.0 0.0
CF31203 312, ,

CF312101.0 0.0 flas
e 13B88 1870 km/s. emnetty as M7 E le 741 kg/m3. eroa 0.0782
* velocity 21.7 m/s. .
* velocity benadery semettten is met werktag rigns ...,6

* 11.16.90 emettivityt fles drepe by abest 23 % . !acrease velocity ...
e free 21.7 se M.7 Care uneevere ...
e 11.20.00 taereese veleetty to M .7 from time 0.0

' 411.30.s0 taeresse veleotty to 38.3 to get SS fler more esect
* 01.14.91 ag.111 betes desasemers flee Sacreased. Drop telecity...
e frem 23.3 to 23.95 based en flee eyespredicties
W31200 JPIBr ?EACIT7 41.0 0.0
e reduce veneetty over 4 sesende
W312110.0 22.4 1.0 22.4 100.0 22.4 104.0 0.0
e and ad the ejet pump modele
* Ceaseetten of steem demo to the desseemer. 11.09.90
e slese the sammeestems . desecamer.to. demo esem fles 300 ag/o
e severe overpreneurisatten, sede etepe
FL3e000 DGE-00WWC 300 310 16.431 15.431
FL38001 13.9 0.6 1.0 .19 .18 * Frem 00 dock
FL30002 1 0 0 0 * E DC
e 11.16.90 J. Talente Sacrease by 100 timee ...
* FL30063 0.11 0.11 e EDC
FL38003 11.0 11.0 * E DC
FLae081 13.9 0.8 0.74 4.5 4 e 5 00
e

FL32300 LP.IP 330 330 6.4943 5.4M3
FL32400 LP.CE ' '330 '340 5.4M3 5.4643
FL34400 CE.M 340 300 9.087 : 9.eff
FL33000 SP.85 330 300 9.487 9.007
FL34800 88 5 300 340 16.431 15.431
e 10.14.00 timeos steen separatere se desasemet ... check Saittel
e esser level elevettaa
* 01.16.981 tajeet carry.ever ester at 9 esters (ortgla 11y 13 m) as...
FL30100 SS.A5 300 310 13.000 - 13.000

. ese
***PATE FtJa4 FILEN Flap 0 FLNOTF FLa877 FLEA 8F
FL32301 8.4a02 1.8060 .01200 0.1424 0.02 H e LN/
e 11.07.90 Bote Salttal opmaag 0.01748 r
FL33e01 7.M28 1.9040 - .4174s 0.1834 0.1010 a LP.CE
e 10.33.90 stase -
e steady.etate (soe Carman's Mass. Orteber 22. 1990 Seedia)
e apestag eremet 1.0
e ll.M.90 Full heidnt jumetten. JT -

'* FLl3001 S.1002 1.9040 1.0 4.2 2.2 e SP-EE ' i'e PL34401 7.9438 1,30e0 .81744 4.2 2.2 e CE.55
e 11.28.90 redeced jenetten heights
FL33ect 6.1002 1.5080 1.0 0 .1 . 2.2 - * OP.88
FL34401 7.M38 1.9000 .41748 1.2 2.2 e W.55
e

PL38801 4.7741 4.1488 1.0 4.0 8.0 - e N.80

' ee.6101 M .1068 5.3482 . 1.0
FL3

***P475 Sa4EA Staf 857D SadB . AtJfl PLEAIE
e segeest area egnal te flee area ... 11.84.00

I * erg FL113Bt 0.0338 4.9934 '.27783 5.08-06 16.0 * AE.LP
FL31351 0.8782 4.00M .27743 S.08 08 14.0 *
FL32381 0.1002'1.0000 .00M 1 S.08-08 14.0 e 17.EP,'

FL33481 7.M30 1.0000 01388 8.08-06 14.0 e LP G
FL33 ASS 8.1802 1.0000 .00041 S.05-08 14A e ' W-M - '

'FL34081 7.M3B 1.0000 .01388 5.08-08 10.0 * E SE ,

FL3SNS 4.7783 4.1888 .00078 28.05 06 14.0 * M.B
P 5.3402 .y2964 S.05-08 14.0 * SS.45
.L.38181 38.1000 .

e
***PATE FBISO Frfche F1mIE If ' ipr

L,- FL31303 0.0786 17.0 e 45.IJ' O.2070 6.3048
e 11.19.00 terrence seleetty to 27.1 from time 0.0 (orig. 21.7) - "

* 01.10.91 agn111brium desmesmers flee taeressed. Dr velocity...

e frem 28.3 to 22.4 bened en fler eyedarties
tattial vezesityFL31 M4- 22.4 22.4 e

e 10.28.90 timeos bypese entranse fore toes coeffici ete ... chest
e typene

,

j' < e

FL33303 0.6148 4.97 e LP.ar | 5.0201 2.7983
;t3 M M u .000 1. 000 e saattal ,eiesiti.. it.02.M .

* 10.24.90 time 0: ta.cheesel entremse fers 1ese coefficiete ... sheet
'

FL39403 4e.214 13.387 e LP-M t.0301 3.1001t.

FL33eH 0.0 3.4000 e ta19141 telesittee 11.02.90
e 10. M .50 time 01 eore emit fera lese seaffistente

80 0.6 * Op M 2.7983 d.3328 'I
FL33004 0.35 0.35 e BP-M tattial Teletity. '

e sere east
- FL34e03 5.0e86 E.eaes e Em 3.1301 4.3326

LISilog, May 13 1991, - 9 -
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.FL34404 0.0 3.4 e CE.sg tatttal velocaty
e east free stese separatore
FL36e03 12.046 5.0478 e 48 5D 2.4440 6.3687
e rolleetaa 80 deck 11.01.90 Tisse. amove 411.04.90 overpreneurtsatten
e 34e04 16.0 0.0 * relacitF
e Ft.38103 0.11 0.11 e 30.AE 4.3447 S.7664
* Tlaset Fe11ee 40 deck,11.09.90 Sattlel velocity
Ft.as104 0.00 - 0.00 e 40 48 1mittal velocity
eee

I
.

eeeFA11 RF1ML EAcfFL IngF Igust nsAME
K31202 0 0 0 0 e As.LF
FL33302 0 0 0 0 e t#.sp

FL33402 0 0 0 0 e 13.CS
e 11.20.90 liquid only'

.FL33002 0 0 0 0 e RP.45
e it.20.90 119:14 enly i

FL34402 0 0 0 0 e W.65
FL36802 1 0 0 0 e m.40
e 10.18.00 taaset eteen separatere se desasener
e 11.18.90 J. Talente general juerties lastead of ligLtd only (2)
* 01.18.90 General... tastehility develage

,FL34102 2 0 0 0 e 88 45 Ligtid First
e teen sucker *e it.20.90 L!

Fath free care (steem only) M0e neceed : s l

CE.552 340 300 s. 8.687e R34400
e Ft.Me03 7,343B 1.9000 .61744 0.14 0.88 ' e CE.SE2s.

?- * FL34eSi f.943s 1 9000 .01368 8.05 08 14.0 e (38 632
e FL34e08 6.6006 8.0046 e CE.AR2 3.1001 4.3324
e FL34802 1 0 0 0 * W.882
ee eeee eeee eeeeee e e ee ee eeee e eee eeee eeee eeee eeee eee ee ee e eee eeee e eee eee e e eee eee e ee
eos SECONDeaf GETAIUMENT Ft0W FifM
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

'e f ailure area te changed to 0.1 free 0.102 m2 12.13.90
FL40000 'CWf FatL' 100 401 5.0 6.0
FL40001 .1 0.001 0.0 * 15tTIAI.LT CLDEED
FL40002 3 * EORI3astat. FLOW FATE
FL40003 0.403 0.693 ,

FL40000 .1 0.001 1.0
FL400TO - 100 146 146
eee

CF100 spene the flee path frem the dryvell to the reacterese
bu1141ag et eastaiammet failure, CF144 sete the fraction openne

see
CF14a00 CCIrf.MR EDUALS 1 0.0 1.0 |
CF14sto 1.0 0.0 Tua -
en
e failure pressure la ches te .904 NPa free 0.910 W4 12.13.90
CF15000 'FLIL TWhtSE' T. F i 1. O.
e 03.01.F% JT adjmet te have both preneure and temperature f ailure
e aedes . ..
* CF10003 .t.58 902.0
e Wit 010 1.0 0.0 34.TEW .1000108
* 4.16.91 JTI replacing temperature f alare limit by the IX.D itait
e en dryeell semesphere pressure. Dame atter adding drytell vall
e eencrete heat eleb medel.
CF11003 1.59 9.0855 ,

CF14010 1. O. CTE.F.100 1

,jea
e
*** 541E .FRGt TO IFM91 210
FL40100 1DRUS.136 tot 402 4.7 4.1
FL40300 13414sEAFT 402 404 4.5 8.1
FL40300136 80 5 - 402 403 .2 .2
FL40400 taAR.136 80 402 410 .2 .2 i

FL40ect M 1 E 1tm3 403 - 409 .2 8.2 !

FL40000 LEAE.134 50 ' 403 410 .2 .2
FL40700 1441EMAFT 404 400 13.4 14.2 i

FL40000 144 5 4t&I5 404 406 9.36 9.36
FL40e00 14&E.186 85 404 410 .9.36 9.38
FL4 toe 4 IAAE.te6 4 tat 5 404 410 - . 9.34 9.34
FL41100 1ed- E MF M . 404 408 28.6 26.1 ,

FL41200 1 5 5 4t&f3 40s ' 407 19.06 19.e4 '

I
FL41300 LEAE.t E SE 400 410 10.06 19.04
FL41400 IAAE.196 4ta!5 407 410 19.06 19.06
FL41800 30 REFUEL.ENT . 400 410 34.9 - 34.9
FLete00 IAAK.aEFWL 408 410 36.84 34. H
FL41700 LAAE. Tune 400 ~410 13.5 13.6
en
en aaka LEEUTE FLOF0 BCTF NFff0 !

FL40101 0.0 .88 1. .3 .3
FL40201 33.5 3.32 1. .3 - .3
FL40301 26. 2.5 1. .3 .3
FL40401 0.026 .0026 1. .1 .1
FL40001- 2.8 .28 0. .3 .3 .;
K40001 0.026 .0026 1. .1 .1 !

1. .3 .3 iFL40701 33.2 . 3.32
4.3 1. .3 .3 -|Ft40 0 u..

FL40001 ,0.626 .0025 1. .1 .1 1

FL41001- 0.026 .0026 1. .1 .1
FL41101 33.2 3.32 1. .3 .3
FLet2BS 74.8 - 7.44 1. .2 .3
FL41301 0.026 .0016 1. .1 .1
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FL41401 0.024 .0025 't. .1 .1
FL41001 22.3 2.23 0. 3 .3

- pt41001 0.104 - 0.0809 1. ,1 .1
FL41701 0.30 0.0109 1. .1 .1

i

ese
ese TTFE ACTTTE !austP 18U3T0

. FL40102 1 0 0 0
K40201 1 0 0- 0
FL4022 4 0 0 0
PL40402 4 0 0 0
FL40002 1 0 0 O

Ft40002 4 0 0 0
K40702 1 0 0 0
n40m2 4 0 'O O

FL W s2 4 0 0 0
FL41001 ' 4 0 0 0
FL41102- 1 0 0 0
FL41202 . 4 0 0 0
n41302 4 0' 0 0
FL41402 4 0 0 0
nellot 4 0 0 0
FL41802 4 0 0 0
n41702 4 0 0 0

,eee
ese PRICFO FtichET
FL40103 .5 .5

.FL40203 .5 .5
FL40303 .5 .5
FL40403 1. 1.
n40503 .8 .5
FL40003 .5 .5

t
FL40703 .4 .5
PL40e03 .5 .4
FL40003 1. 1.
FL41003 1. 1.
n41103 .5 .5
FL41303 .5 .8
FL41303 1. 1.
FL41403 1. 1.
FL41503 .5 .5
FL41003 1. 1.
FL41703 1. 1.
eee
ese Se&AA EIN SEYD SAGE ELAM
FL40tSt 0.8 .01 1.
FL40281 33.2 .01 1.
FL40381 St. .01 1.
FL40481 0.028 .01 1.
FL40841 2.4 .01 ' t.

FL40001 0.025 .01 1.
FL40781 33.2 .01 1.
FL40081' 43.4 .01 : 1.
FL40981 .025 .01 1.
FL41001 .028 .01 1.
FL41191 33.2' .01 1.
FL41251 74.8 .01 1.
FL41381 0.025 .01 1.
FL41481 0.025 .01 1.
ft41581 22.3 .01 1.
FL41481 .109 .01 1.

1..30
.01 '.FL41781

ee
ese TALTES =

e** TRIF 30. CF cs-Fm Wand W.W.BEVE3SE
7

FL40891 110 til til

FL41511 140 tot -- 141
eee
**e TANGL&& AED 13JT3QL FUWCTIONS FOR TALTR INF97
ees
W10000 406-DF A00 '4 1. 6.
5 10910 1. O. ' CTE.F.403
W10011 *1. O. ' CTE F.400
5 10012 -42.18 0. ' CTE-Ba04.463
W 10013 10,79 0. CTE.R304.409
ese
W 11090 405 TRIF T-0-F 1 1. O.

. W 11003 1.06 1841.3
.-, , . W 11010 1. , 9. CFTALU.100:-

eee
W 11100 404-Flac 'RTET 1 1. 6.
W11103 410 400
W11110 1. O. CFT4LU.109
ese
TF40000 406-UELD4D 1 1. ~ O. .
1740010 0. 1.
eee
TF41000 .406 4 8F' 4 1. O.
1941010'1941.3 0.1
TF41011 18N.5 0.1857
2741012 1728.7 0.7429
TF41013 180s.9 0.4357
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'TF41014 1948.0 1.-
ee
W 13000 416 0P ABD 4 - 1. O.

-4

5 13910 1. O. CTE.P.404 ,

CF13011 1. O. CVE.P.410
W 13912 44.33 0. CVE.RP 4.408

0. CTE.Rhh&.400
CF.13013 S11.1ee ,

- W14000 413. TRIP T.O.F 1 1. O.
W14003 1.38 2154.8
W 14010 1. O. CFTALD.139 7

ee.
W 14100 418. FRAC ETST 1 1. O.
CF14103 440 . 400

'

W 14110 1. 6. CFTALD.139
eee
W44000 415 4.W 51. O.

- TF44010 2184.8 0.1
W44011 2274.3 0.2
W44012 2384.0 0.8
1F44013 2813.7 0.9

TF.440.14. 2638.4
1. '

.. . ,eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
eeeeee...........eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
ee R47 Sua PMWAoE IEPUT
eeeeeeeeeeeeeee......eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
ee* M 54158
ese
seeEL&O Est
5 10001001 taTWELL.LIIER

' 5 10002001 DRYWELL. FLOOR
W 10003001 W.REAC. PED

,

B 10004001 LD.REAC. PED t.-
M 10000001 DRVWILL.8 TEEL

. M 20001001 UETWE 1.LI ER
5 30002001 UETWELL.5 FEEL
M31001001 SPT.CTLte dt

.M 32001001 15WER MAD
eee TW GUIDE EnsttmD WITE CORE CELL STEEL NASS (lett 4/04/06) ,

** ""1 WP&B&1 M S e 15CI# DES s m 00D tu s (WIS 8/04/88)
B38001001 BRTERS
M30002001 . WPR.EAD
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
see - M N4TERIAM
e..

'

e esLA3 NATERIAL Irf EME
M 10001201 'CARAW STEEL' 4 * DRYWELL.LIHR.

e 4.12.91 ae41ag eestatammat laser gay and eencrete medel
e JT 412 '
510001202 8&th'- S * Liner Gap

' . W 10001203 ''tIWCRETE' 11 * Dryve11 vall !

M10002201 (IBIBETE 10 e DETWELL. FLOOR '
5 10003201 (Est2ETE T e UP.REac. PED *
B 10004201 CIBCREfB T * LO4EAC.PE f ..*
M 10006201 'CaRstM WTEEL' 3 e DRYWE11.BTEEL
N20001301 ' CAR 3tB ffEEL' 4 * WITWELL. LIER
5 30002201 'CARBEM ETEEL'. 3,e WE!WELL. STEEL
2 31001201 ' CARN E ffEEL' S e RPT.CTLf50ER

' M 32001201 ' CARE W 51 EEL'- 5 e L N ER- E&D ' "

5 30003201 '874KE m 8 57 ML' 4 * SEPAR411R8
M30001301 85741515 8 STREL' 1 e DATER $
B38002201 ' CARN E ETEEL' 5 e UPPER.5 AD

> ,
s e eeee e eee e eee e e ee eee e eeee eeee e e e e e ee e e eee eeee e ee e ee e ee e e e e ee e e ee eeee ee e see '

eee' 3 gangTRIES
een
seem,AS ' W. T ' MY ' IIITIAL B&W -
eee 20B5 E. CT SP W NT 5 Y I
e.4.12.9144 stag sannaht 11aar gap and eescrete omdat
e JT a La
510001000 12 1 0 e 3RYWELL.LINE

1 0 e IRVWEL.LINE 1- e 510001000 8
,1 0 * M VUELL.7LOla

>

5 10002000 . 11
310003000 4' 1 0 e W.BEAC. PED ,

B10004000 8 1 0 e ta-MAC. PED
' B 10000000 ,4 1 0 ' e BTWELL.STE E

320001000 5 1 0 - e WETWE11. Lima -
5 3002000 4 1 0 e WETWE.L 8TM L
m 31001000 7 2 0 * . W T.CTLIWh2
5 32001000 0 2 0 e imER. WAD, NOCE11RD AS CTLIEDER
ma sa"" 5 1 0 e MPARATES
B 30001000 2 1 .0- . * ERTURS
m30002000 0 5 0 e UPPER. R&D
es s eee eeee eeee eeee eeee e ee e e e ee e e ee ee e e ee ee eee e e e e e eee e ee eee .e ee ee ee e e e ee s es
eee W ELEVAT!W8/MIENT&TIGES
eee
** eEAR ELET&T!W (RIENTATI M EdflE

.TT g gr- eee
.' 4.835 1.0 *. BRTWELL.LTER5 10001002

M 10002302 8.834 0.0 * MYWELL.FLEEE >

510003002 .0.001 1.0 e W.REAC. PED
B 10004002 4.835 1.0 * LO.REAC. PED

+
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M 10000002 8.835 1.0 * DRYVFLL.STEL
e 03.01.91 JT
M 3%01002 14.82 1.0 e VrfvtLL.I.!Wm
a 3520001002 11.880 1.0 * WrfVI11.LIsta |

3320002002 13.14 1.0 * VETYELL. STEEL
5831001002 3.1348 1.0 * RPT.CTLINDER
N532001002 1.2964 e LDVEA.EEAD (1DP W 51VB TURES)
ER M 3002 10.92 1.0 e $EP&AATCES
EE38001002 18.18 1.0 * DETB5
5538002002 19.0343 1.0 * UPP p.EEAD
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee**eeeeeeeeeeeeeeeeeeeeeeeee................. 'J
**e BE D/T PCMATS
ese

-

seeSLAS IDC T POMAT LOCATIM 3AME
|ee* D&TA D/T 5-N L/1 BOUEDtf

3810001100 1 1 0.0 e DAYV111. LINER
3510002100 1 1 0.0 * DRIVELL.Fla3R
3810003100 1 1 0.0 * UP.kr.AC. PED
3810004100 1 1 0.0 * LO-kEAC. PED
BB10005100 1 1 0.0 e DR1VILI tfEIL -
3820001100 1 1 0.0 e Wr!VI14. LIBER
3820002100 1 1 0.0 * WETWELL.81TI2.
3831001100 1 1 3.1884 * APT. CYLINDER
5132001100 1 1 2.57 t? e LOWEA-EEAD (RAD W BDOUD)
RE36003100 1 1 0.0 * SEPLAATCAS
EA38001100 1 1 0.0 * OtfERS
E836002100 1 1 3.1868 e UFFEA.NEAD
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen
see DA
e.eee.58 D./.T.ee.T. A..eee eeee e eee e ee e eeeee s.....ee......see e....ee e........e e.. .

eee DRIVI11. LINER
eee
eee EL&S DISTANCE BCDE
eee 30.
3510001102 0.00305 2
3310001103 0.00914 3
NB10001104 0.01524 4
3810001105 0.02068 6
e 4.12.91 Addlag saetatamaat 11aar gap and concrete medel
e JT 4 LB. addittamal madee for air and concrete
3310001108 0.04128 8
3810001107 0.06398 7
3810001108 0.07938 8
3510001109 0.104f8 8 ,

5810001110 0.8 to
BS10CC1111 1.0 11
3810001112 1.82 12
eee
... T129 pATURE
ese
e NAAP value for floor temperature. 12.10.90
5510001805 330.00 5

412.91 Adiing samtalament laser gap and concrete medel
e JT a Ls. additiesel ne4ee for air and concrete
RS10001812 330.00 12
seeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeese
ese DayVgli.FLODE
eee
*** SLAS DISTANC2 532
eee 30.
3810002102 0.00305 2
M10002103 0.00914 3
M10002104 0.02134 4
M10002105 0.04572 5
3810002108 0.09144 8
EB10002107 0.18288 7
3510002108 0.36476 8
3B10002100 0.87068 9
3510002110 1.00684 to
3810002111 1.44250 11
..e
e.e TEMPERA 1gng
e MAAP vales for taaperstare. 12.10.90
5B10002611 330.00 11
e adjustias for radient Bf betroaa W floor and W atmosph. 02.14.91 (JV)
e gemewed am 02.15.91 almost acubles the esecutien time ...
e EM1814. MGEL PATEL
e 3510002401 1.0 'GRAT CAS A' 8.3
o E810003t01 391.77 1

e 3810002902 381.49 2
3510002803 390.M 3

e M10002804 389.83 4
* M10002005 387.80 5 *

e E310002808 383.44 8
e 3810002807 375.10 ?
e 3410002808 368.44 8
e 3810CO2309 341.77 9
e 3310003010 330.08 to

e B..&10002011..seee.9.27
31 11

.. .e ..o e. eeee.ee. ..ee..ee.ee.eeeee..ee..eese.o.....eeeeee....
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:
e cJ,

,y.- , ' t
' o!

s]g. . as"- i
,

n. q
j

i t
'

' ne - gy.hEAC. PED-
. ~ ;,

- eee '
a

.8. .ne SAS DISTABCE BODE
' eee . - 50.

~W M40003102 ' O.00308 ' 2 , ,
+ . >

D T' W10003103 0.00014 ' 3' ,

' I a. ]l
.+<,

M10003104 '. 0.02134 - 4 '"".

g- 3 10003108 - - 0.04672 c 5
1

M60003408 ' O.00444 8-

540003407 0.143B4 7
51000340s 0.34030 - 8 1

ou
en gu ygaattet *

L W10003006 ' 301.77 1 .' '
! Et0003802 301.40 2O >

540083003 300.M 3i

' 560003804 300.03 4 i
i W 10003006 ' 387.80 5

M40003008 383.44 8 "

7
,f 510003007 375.10 'T '?'

N 10003008 380.10 8 - i

- eeeeeeeeee eeeeeeeeeeeeeee e eeee eeee eeeeeeeeeeeeeee eeeee**e eeee eeee eeeeeeeeee .

eee 18-RRAC-PED
ne r 5

see 5,43 - DistasCE 300E
-- . . e+ e . m.
F W10004102 ' O.00305- 2 3'''

,

EB10004103 0.00014 .3
5 10004104' O.02134 4
M40004106 0.04872 5

. M10004108 0,10006 8
i 510004107 0.34304 7

M 10004804 ~ 0.53340 0 ,

,ceee ' ,*
*

ese Tenpsnatyng .
,

W 10004001 301.77 1
540004002 ,30s.40 2 *

510004e03 300.M 3 !
510004eM 200.03 4
M 100N eOS 3Sf.80 5
510004006 . 302.05 6

.5 10004007 ~- 300.55 '7 *
5

5 10004000 . 343.16 . 0 . ' . (;_
_,

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
~

\''

ese . gayygL1,.gtst,
en .

,

'
.en

"
StSfasCE WCDE ,c 4ese NAB

30.
M10006102 0.00305 2

v .,
W10006403 0.00782 3
580006104 E0.01747 '4 ,

,ese
h.,-- ' 'no T upanatgat

M 10000004 300.38 .

9 ,

..eeeeeeeeeeeeeeeeeeeeeeee. 4....eeeee......eeeeeeeeeeeeeeeee...eeeeeeeeeee
ne vg3vgLL.t.tgun

- ese
.. . M STANCE- BWit

,

we ; EJS '
ese . 30.
W20001802 . 0.00306 2 ' .

5 2001103 . 0.00001 3 -|
1

B20011M - 0.01210 4 - *
' O.01888 - 8~

5. 3001108
-

.. .

[. . ' ' s
e.e . . . Taw anatens ~e. ..

'
!'

L' * 13.10.80 tattial temperature for estee11 and its deemsener ..
.

-

..* W WOO 1005 304.14 - 5
306 8 ( > ".F. " W 30001808eeeeeeee.00

t J-
. e... . u eeeeeeeeeeu eu een eueeeu ee u u ne... .neeeeeeen ne . ' ,

eee umweg1.sTEE. :
. en .. 'f
" ***EAS - DEST &EE EME ~
en 30. ..

O" ' B30002102 0.00306 ' 2
~

, ,
a

L B30002303 < .0.00f06 .3
/ S20003104 - 4.01747 . 4

'

*'

eee .,

j,'
. eee t 1gymatag ioe 12.10.00 nattial temperuure for verve 11 and Ste desasener , i

WWeems4 300.00 4 _

. eu e.. 14.eeee'ee. 4.e ueuee.
.

,
e B2000304 ' 388

.u eeenue.....euunu eeeeueeeee f _ ,t- enune
t

ne , WT.CTLIEWF ' x ..<e
.. e ,

,

StSTABCE BSE ''
*

e. 3 45.
eee . 30. . .

' 331001102 . 3.1888 : 2e 3.teH N e LOC OF msg 1 '
"

,

' ' B31001303 3.1938 -3 ,;
B38001134 , 3. 3 04' 4.
M38000 OS ' 3.21M .5
M31001108 3.3MG . 8 ,

aq
r-
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M31001107 3.3412 7 * 3.3412 N * 3.1M 4 N * 0.1554 N * 5.125 15
. eee
ee. TEMPERATURE
B531001a07 660.00 7
eeeeeeeeeeeeeeeeeeeeese*eeeeee**eseee***e** e es**eeeeesse**eeeeeeeeeee****
eee tantER. MAD
eee
ee. SfJa DISTANCE NCEE
see 30.
M32001102 2.5007 2 * 2.5797 N * LOC OF 300E 1
M 32001103 2.8437 3
5 32001104 2.6007 4
E5J2001106 2.4157 6

2.6963 N . 2.5797 N = 0.1178 N = 4.63155832001106 2.8083 8 e
eee
see TEMPERATURE
E832001804 540.00 e
seeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee******ees
eee Ttr.0DIDE CO M INED WITE CERE CELL STEIL NASS
ese 85 0UD.001E CDIBIBED WITE SEPAAATURS
ese
ees SEPAAAtchs
ese
ese SLAs DISTauCE 50DE
eee M.
3836003102 0.0030 2
Eb34003103 0.0049 3
EM4003104 0.0119 4
5536003106 0.0188 6 e NAAC05 INPUT (0.04&3 FT)
eee
..e- TEMPERA 1URE

548 $
us34003e06...eeeeeee,00eee eeee eeee eeeeeee e eeee eeee eee eeee eee eeee eeeee e eee eee**eeeeeeeeee
... EATERS
ese
ese SLAS DISTANCE NON
eee 30.
3534001102 1.83E.03 2 * NAACD4 INPUT (0.00!#9 fT)
eee
ees TEMPERATURE
m w 41802 &&9.00 2
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeese
eee UPPER.EEAD
eee
eos SLAS DISTANCE 5 TEE
see 30.
3838002102 3.1864 2 e 3.1866 M = LOC DF WODE 1
m m 2103 3.1924 3
msaM2104 3.2006 4
5834002106 3.2264 5
E53e002106 3.3s72 ee 3.2872 N . 3.1664 N * 0.1018 N * 415
eee
eee TEMPERATUSE

,

ES30002806 668.00 $ . r
e e e eee e e ee e ee e eee e ee e e ee e e e e e e eee e e e ee e e ee e e e e e e e ee e e eee e e e e e e ee e ee e e e ee e e s

.

(e** EB IN1TRNAL PCAtER SOURCES
eee
eeeSLAS INT POW NAME
ee 30Va2
e*e 3 Y
W10001300 1 e DR1VELL. LINER
EB10002300 1 e taTVELL.FLODR
3310003300 .1 e UP.REAC. PED
E310004300 1 e LA.REAC. PED
EB1000&300 1 * ERTVELL.5 TEEL
3520001300 1 * VETWELL.Llutt
5 3000 2300 1 e WE1WELL.STEIL
B31001300 1 e BPT.CTLIEDER
EB32001300 1 * IDWER NEAD
ES30003300 1 e SEPAkaftBS
5 30001300 1 e DRYERSr

ee eeee eeee eeee eeee eee e eee.P.ER.EEAD
3538002300 1 e UPi ..e e eee ee ee e e ee e.......e e e eee e ee e e eeee eeee eeee eei

... 5 LEFT/IBBIDE SOUNDARY COMDIT!055
eee
eeeftAS TTPE - TW. CDEF. ' CET POOL POG. ATM WAME
es. SYN Cost PLOW FRACTION WLY OuLT
ee TTPE POOL A1N

EB10001400 1 100 'EIT' 1.0 1.0 * I' DRYWEL1 LIBER

M10002400 1 100 *EIT' O.0 1.0 * DRTVELL.TLa m

M10003400 1 100 'EIT* 1.0 1.0 * 1 UP.REAC. PED.

5 10004400 1 100 .'EIT' 1.0-1.0 * I LO.REAC. PED

B10006400 1 100 'EIT' 1.0 1.0 e 1 DRYVELL.STEIL
* JT 03.01.91: covarias sleb to reence deposities e.ree

I
5820001400 1 200 'EIf' O.6 0.8 e 2 1 VETWELL. LIBER

e 3830001400 1 200 'EIT' O .0 0.0 e I WETWELL. LINER I
'

M20003400 1 200 .'EIT' 1.0 1.0 e 3 VETWELL. STEEL
'

.ER31001400 1 310 *EIT' .40503 .6693 e RPT.CTLI5tSR .

'I

E832001400 1 320 'EIT' 1.0 1.0 e 1 LOWER M AD
1

m ==>e00 1 3s0 'EIT' . 1.0 1.0 e sEPARAtoms

Esas001400 1 3eo 'Erre 1.0 t.0 . : DRTERs l
i
i

Listing, May 13 1991, - 15 - (
1
|

|
<

I

-



e

M m 2400 1 380 'EIT' 1.0 1.0 e I UPPER.EEAD

e eeeeeeesseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee =
**e 35 RICET/UUTSIIr. ROUVMAY CEHIDITIC8f8
...

ee sLAS TYPE TG. Cm7. CRT POOL P0G. ATM RAMt

ese SYN CONY FIDI PRACTIDE ONLT ONLT
eee TYPE P03. ATM
R$10001000 0 e DRYVE11.LII11
R$10002000 0 e (*YVE11.P1.00R
ES10003000 0 e UP.AEAC. PED

E810004400 0 e LD.AEAC. PED

E810005400 0 * OtfVELL.87EZL
E820001000 1 401 'EIT* 1. 1. * I VETWE11.L1EER

R$20002J00 0 e WETVELL.8 TEEL

38J1001000 $120 100 'EIT' 1.0 1.0 e 1 RPT.CTLINDER

3832008800 8120 100 'EIT' 1.0 1.0 * I 1DIER READ
n * 03800 1 310 'EIT' 1.0 1.0 e I SEPat.ATOR$

ES38001800 0 e IRTERS

3838002800.ee... 5.eeeeeeeeeeeee'EIT..'..1. 0..1.0...e.. .. .e e. 1. ...e e e e.E.R. E.I.AD. .... .120 100 UPP

eeeeee .. ee ..

-see R$ LEFT/IESIDE AA2A8/LIMTES
eee
ese ELA3 ARIA CI L AI L EaME

3310001500 1738.80 29.58 29.54 e IETVELL.LIItR
e
5210002500 132.12 11.00 11.80 * DRYVI11.PLOOL
E810003500 767.36 15.20 15.20 e UP.kEAC. PED
E510004500 337.24 7.50 7.60 e LD.REAC. PED
E310006500 600.54 29.55 29.85 e taVVELL.ffEIL
e 03.01.91 JY
5520001500 3158.00 8.92 5.92 e VETWE11. LINER
e 5820001600 1564,00 2.94 2.94 e VETVI11. LIED
e
R820002500 4168.53 5.182 6.182 * VETVE11 sTE21
3831001500 317.224 12.245 12.245 e APV.CTLINEER
3832001500 33.141 2.04443 2.04443 e tin /ER READ
n 03500 472.43 3.99 - 3.99 e SIPAAAftRS
n e lloo 2944.53 2.33 2.23 e IAYERS
E834002500 43.782 3.1554 3.1546 e UPPtR.EEAD
seeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesee
*e* 58 RIGET/OttfSIZE ABEAS/12MTES
e..
ee. BLAS &aEA Of L A3 L NAME

e 03.01.91 JT
E820001700 3168.00 8.92 8.92 * VETvt11. LINER =

* ES M001700 1864.00 2.94 2.96 e Wr!YE11.LIIER
e
3531001700 . 332.714 12.245 12.248 e RPT.CTLINDER
E532001700 34.482 2.04463 2.04463 e 1DfER READ
E535003700 472.43 3.99 3.99 * SEPARATtmS

3.2873 3.2872 * UPPER.EEAD
ES30002700.... 87 8.Neeeeee.. . eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

e. ... .E.i!T.I.D.E.AL.EEAT STRU.CT.URES I.V.R C.CRE/.L.P..$3ED.UD.........................
eee AI

. . e eeeeeeee . ...ee .. ... ... .

e 3DIER PLERUN REROUD . LDWIR P1ZrtM TO DOVECDER EEAT TRANSPER
e

3E32004000 8 2 1

EE32004001 'LP SEROJD4'
3532004002 3.0M 1.0
5132004100 1 2 2.87 87
EE32004101 0.00600 1

3E32004102 0.01015 1
3832004103 0.01524 1

11532004104 0.02032 1

ES32004200 -1
B 32004201 4
E832004300 .'STAIELE85 STI21'1

ES32004400 1 320 'EIT' O.2 0.2
3532004800 14.648 1.1503 1.1503
3S32004e00 1 310 'Erf' O.2 0.2
BE32004700 19.012 1.1503 1.1503
3E32004000 1
E532004801 541.0 5
e
3532004000 8 2 1
E832005001 'LP SEA 00D5'
Es32005002 4.2363. 1.0
5831005100 1 2 2.5777
3832005101 0.00504 1
Et32005102 0.01086 1

5532005103 0.01524 1
ES32005104 0.02032 1
RS32005200 1
3832005201 ' '5TAINL338 STEZL' 4
EE3200&mo -1
3832005400 1 320 'EIT' O.2 0.2
5532005800 15.889 0.9803 0.9803
3132005e00 1 310 'EIT' O.2 0.2
BE32005700 18.202 0.9003 0.9003
W32005400 1
EE32005e01 541.0 $
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e.
< ' 53200e000 5 2 1

, m32cee001 'LP suhtmDe'.
5 32000002 5.2184 1.0

- 5 32004100 -1 2- 2. 87W

B 32000101 -0.0000s 1

5 32000102 .0.01010 1

5 32006103 0.01634 1

5 33000104 0.03032 1

2 32008200 1
1832008201 '8TA! BUSS STEII.' 4 '

5 3200e300 1
m3200eese 1 .320 '33T' O.2 0.2'

53200e800 4.M1 0.2777 0.2777
53200e000 1 310 '537' O.2 0.2

B 32008700 4. M0 0.2777 0.2777
es3200ee00 1

{
5532000001 M1.0 5

e cet CTnJD . 000E 31? ass 70 DawumMER REAT TEassFIA
' e

M33007000 8 2 1

ER33007001 'c m E sen00pf'
B 33007002 6.4943 1.0
m33007100 1 2 2.5757 '

. 5 33007101 0.00000 1

B 33007102 0.01010 1

B33007103 0.01624 1-
E 33007104 0.02032 - 1

5 33007200 1
533007201 'sTAIut288 3112L' 4
N33007300 1
5533007e00 1 330 'EIT' O.2 0.2
5 33007800 12.381 0.742 0.742
533007e00 1 310 'EIT' O.2 0.2

3 33007700 12.504 0.741 0.742
533007800 1
M 33007801 M t.0 5-

Imennanna g: 2 -1

'ccat gem 000s'.0m ua^*aa t
'

0.2603 1m **an = 2
M33000100 1 2 2.57 57
5 33000101 0.00000 1

B 33000102 0.01010 1

M33000103 0.01624 1

M 33000104 0.02032 .1
M33004300 1 F-
M33000201 'STAIB WAS STEIL' 4
" *******^ 1

330' 'EIT' O.2 0.2M **aa*'ad
1'.36112 0.742 - 0.781M 33000000

F 43000000 1- 310 *EIT' O.2 0.2
3833000700 12.694 0.782 0.762,

'

munanann g
" **aa " 1 M1.0 5
e
M33009000. $ 2 1

*

3533000001 ' CORE smoube'
533000002'7.0143 1.0
M33009100 1 2 2.5797
M33009101 0.00604 1 ,

'

' M 33009102' O.01010 1

. 533009103 0.01634 1

B33000104 0.02032 1
- 333009200 1

M33009201 'St&1ELESE STEEL' 4
5 3300e300 1 .

' 533000e00 1 330 ' bit' O.2 0.1.
533000000 12.361 0.782 0.742
5 33009800 1 310 'EIT' O.2 0.2
3 33009700 ' 12.004 0.742 0.742
533000000 1
233000001 M1.0 6

'

5833010000 ' E 2 1'

533010001 'Cm2 SmDUD10'
5 33010e02 7.7003 1.0
E 33010100 1 2 2.5797
M 33010101 0.00000 1

M 33010102 0.01010 1

M33010103 0.01624 1-
5 33010104 -0.02032 1

:

M 33010 90 1
M 33010 21' '8T&IEL338 STEEL'. 4

E33010300 1
5 33010000 1 330 - 'EIT' O.2 0.2
3 33010000 12.M1 0.742, 0.742
5 33010e00 1 . 310 'EIT' O.2 0.2
5 33010700 12.804 0.782 0.782
3 33010e00 1

.
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' W 33010001 ' M i.0 8
e

(S W 330t1000 6- -2 1
'

5 33011001 'C S E SWOUD11*
E833011002 . 0.M23 . 1.0

- 3 3301:100 1 2 2.5707
't 5 33011101 0.000M i

m 33011102 0.01010 t

W 33011103 .0.01624 1 ,

!3033011104 0.02032 1

W33011200 1
' 5 33011 9 1 '87&!51230 STEEL' 4

3 33081300 1,

m 33011400 3 330 'EIT' O.2 0.2
m33011000: 12.M1 0.702 0.702-
3 33011000 ' 1 240 'EIT* 0.2 0.3
333011700 12.8N . O.702 0.702
5 13011000 1

t' 5 33011001 801.0 5
e 11.10.s0 Intreencing the 02 matel cell at the top of the coret

533013000 8- 2 1

m 33013001 '0 3 E 3 300D12'
W 33013002 9.3043 1.0
W 33012100 1 2 2.87 97

-

5 33012101 0.0M00 1

3 33012102 0.01014 1
m 33012103 0.01524 1

5 33012104. 0.02033 1

m33012200 1
EB33012201 80TAZELESS STEEL' 4
533012300 1
W 33012400 1 330 'EIT' O.2 0.2
5B33012000 - 13.341 - 0.3027 0.3027 .!5 33012000 1 310 'EIT' O.2 0.2
m33012700 12.504 0.3027 0.307F
m 3301 300 1
5833012001 Mt.0 8
e eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee....eeeee....eeeeeeeeeeeeeee

TF120 speciften the depeatence sa temperatureseeee
ease. - et the aset tremeter seeff sient for the taeulated
e**** esterter of the reester peesaure veneel. TF120
essee specifies a esmatest heet tremeter seefficient of

0.02 W/II*e2/dag E.*****
seees
TF12000 ' APT /DBTWELL ETC' 2 1.0 0.0
f 273.16 0.02 0000.0 0.02 .

.t!2010seeeeeeeeeeeeeeeeeeeee.eeeeeeeee.eeeeeeee. eeeeeeeeeeeeeeeeeeeeee...eeeeee q

....e earruepanY Cerf41agaNT SURFACES
seseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseseeeeeee
seeee TWOS h0138 gutFam8
e ...

- H W M001000 18 1 0 0 e 30. EtEE8. TYPE. 50 50 1517. TRANS ITER
- WM001001 CENTRAL.GE.tes *

3 04001002 17.2 1. * EUfftal ALT!TUtt. OE!Elff 47108 a,

e pensLIzaftts rues, Inst 0E R&DIUS3 04001100 1 1 0.
.e

"

504001802 .001 .2
WM001103 .003' 3
Wee 0011M .007 4
N04001106 .016 .6
5 04001100 .023 - 0

: 30e001107 .030 7
r - 3 04001108 071 0

3 04001100 .135 ' O
904001110 .303 10
304001111 . 400 11

' 504001112 .700 12
' 5 04001113 1.00 13
5 04001814 1.00 14
504001114 2.0- 16
504001301 CMGETE 14 * IIATERIE TYPE lest IETERTAL
' 3 04001300 0 , e a Riact TYPE, PLA0 Souta IIUI.TIPLIER -
304001400 1 ; 401 'EET' 1. 1. e LW EC TYPE. &3000 Cf. PSOL ET FL&OS

' W M001000 001. 0.90.9 e 1.35 AAEA. CRAAAC LBOTE. AEIAL 825575
!

' N04001000 0 - e am EC TTPE ASSOC CV. POE. ET Fuo8 -
Wee 001001 311.' il e INIT!aL TEWERATURE. 35 8 30.
e
3 0400 B00 11 1 0 0 - * 30 IS BS, TYPE. 30 08 IIIT, TR&W 1153
30400501 1tRDB-RMet-WALLS e

/ 5 04002003 17.2 1. e 90TTlet RT!TUDE. RIE5f6 Tim
5 00002100 1 1 6. . e ElIb6LI14713 FueS. INIDE h&DIUS
3 04002142 .001 2 e

5 04002103 .003 3
504002104'.007 -4

I. - 3 04002108 .015 5 4' <

, W M002100 '.0 35 0
-

'

B 04002107 .430 7
504002100 .078 ' e
504002100 .1M 0
504002110 .281 10'

l. 5 00002811 .800 11 .'- -
' unte00:301 cWCasrs to . mTant4L TTPE. ines 1573,E
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IL

* sounCE TTvE. rua, sounCE mutttPun
Es04002300 0
es04003400 1 401 'Erf' 3. 1. * LAS SC TYPE 4880C CT. POE. BT FLAG 8

.
304002806 1381. 4.9 8.9 * 128 AAEA. CEAAAC LDGTE. A1IAL LUCTW

I' 304003e00 2210 8 82XT' * SES SC TYPE. AM CV. POOL NT FL&48.
,

304003e01 311. 11
* III1TAL T1MPOAWRE, 3005 50.

3004003000 16 1 0 0 * 30. WWES. TTPE. 50 88151T. TRAM ITER
*5804003001 FLDOR

e Osse staTICAL OkIENTAT!08 TU ELINIEA11 POOL REAT TRAssFER* BUTTtM ALTT1VDE. GLIENTAT13 -3 04003002 17.2 8
ap04uo3100 1 10. * 300&f.I1ATIon FLAQs, INSIDE SADIUS

5 04003102 .001 2 *

N04003403 .003 3
504003104 .007 4
304003106 .015 5

504003106 .0 23 0
M04003107 ' .030 7
5 04003108 .071 4
3504003109 .134 9

504003110 .283 10
E804003111 .600 11
304003112 .7 to 12
N 04003113 1.00 L3

. M04003114 1.50 14
5 04003114 2.0 15 '!

5504003301 CWCRETE 14 * MAT RIAL TYPt. NESE INT ETAL
* Im0G TYPE. FL44 sGrtCE MULTIPL!ta3004003300 0

1. * LES BC TYPE. ASSOC Cf. POG. If FLAGS
,

' tit'. 8. * Las AREA. CRAAAC LINCT3. Allil LENGTE380400 3400 1 401
5E504003000 tied. 15.

B504003000 2210 4 'EIT' * 258 BC TYPE. ASSOC CV. POOL ET FLAG 8

3504003001 301. 15 * !NITIAL TEMP GATURE NODE 30.

8000 13 1 0 0 * 30. 80 DES. TYPE. 30 581 NIT. TRAB5 ITER
350400e001 CEILIM e

as04008002 4.7 0, * 30! TIM ALT!TUtE. (RitarfAT!M
EB04008100 1 1 0. * NGELIIATION FL448. In8IDE A&DTUS
3504006102 .001 2 *

N004006103 .003 3 ,

E304006104 .007 4-
M 04006105 .015 $
MO4005104 .0 23 6
3 04006107 ,039 '7
2004006100 .071 8
50400610e .136 9
E504005110 .343 10
E804006111 .500 11
3804005112 .750 12
ESO400&t13 1.16 13
m m 6301 CopCR875 12 * NATERIAL TYPE. MESE 15T DfAL

* SGHG TTPE. Ft&G. SCArbCE leJLTIPLIERE804005300 0 .

1. * LES 3C TYPE. ASSOC CT. P05. MT FLAGS
11.'EIT'.1. * Las AaEA. CRAAAC uscTE. A21AL LENOT3

3s04005400 1 401
11N04006400 1864.

8804008400 0 * 888 BC TTPE. Ass 0C CV. POOL ET FLA05
Es04006ect alt. 13 * IIITI AL TEMPBATURE. Um* 30.
*
***** 12 VEL.136 30UTE SURFACI8
**e*e
350400e0001310 0 * 30. WWES. TTPE. NO $$ INIT. TRAME ITER
50400e001 EXTWALL *
N0400e002 4.1 1. * DOTTtM ALTITUDE. OLIENTATI M
B04004100 1 1 0, * ywr natt0g ytagg, gggrog 3ADIU8
gace004102 .401 2 * 1ACAT105. BODE 50.
504006103 ,.003 3
M04006104 .007 .4
504004104 .016 6
5 04004106 .023 4
3 04000107 .038 7

M04006108 .071 8 ,

304006109 .136 9
304006110 .243 10
304006111 .300 11
204006112 .750 12
2 04006113 .900 13
M04004201 CIIBCRETE 12 * NATRIAL TYPE. NESE 1FTERTAL
30400s330 0 * SGlRCE TTPE. F1J4, SOURCE NULTIPLTIE

304c04400 1 402 'EIt' 1. 1. * 128 SC TTPE Ass 0C Cf. 70G. BT FLAGS
= = = 871. 7.5 7.5 * 128 4AEA. (31a4C uuGTR. Anf at Las0TR
RB0400emo 4300 410 'IST* 1. 1. * RSS SC TTPE. Assoc CT, POOL WT FLAGS
504008700 873. 7.5 7,5 * 458 AREA, OLARAC 125075. AI!AL 123GTE
B 04000001 301. 13 - * 15!TIAL TEMPERATH E. 5m E E0.
e
5 04007000 to 1 0 0 * 30. uGES. TYPE 30 as 1317. Taass ITER
EB04007001 PRIM-COST.V ALLS
3304007002 4.8 1. * BCTTON ALT 111RN. Oh!NTAT!!W
N 04007100 1 1 0. * ymar NATION FWOS.15EIDE RADIUS

3 04007102 . 001 2 *

EB04007103 .003 3
N04007104 .007 4
304007105 .016 6
M04007104 .023 8
3040071FF .030 7
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Es040071f8 .071 8
3504007109 .536 9
3604007110 .253 10
504007111 .500 11
3804001112 .760 12
3804007113 1.00 13
B504007114 1.50 14
580M07301 CDK3ETE 13 * NATnI AL 1TPE. ME85 TITnT AL
3504007300 0 e $mraCE TYPE. FLAG. SullnCE NULTIPLIER
3804007400 1 402 *EIT' 1. 1. * 128 BC TYPE. Ass 0C CT. POG. ET KACS
BB04007600 all. 7.5 f.8 e LES AAEA. CEAAAC LENGTE. AI!AL LDGTE
3804007000 0 * SE5 SC TYPE. ASSOC CT. 700L IT FLAGS
ESO4007801 301. 14 e IFITIAL TEMPERATURE. BODE 50.
*

E804008000 11 1 9 0 e 30. EWES. TYPE. 30 88 If!T. TRANS ITER
BE0400e001 IFf.GLLS *

E804000002 4.1 1. * SOffal ALTITUDE. CRIErfATION
E504004100 1 1 6. * WCDALIZATIQf FLAC3.15 SIDE RADIV5
5804000102 ,001 2 *

N 04C08103 .003 3
5804000104 .007 4
3504004105 .018 5
3804008106 .023 8
3804008107 .039 7
3804000104 .071 8
B504008109 .136 9
ESO4000110 .263 10
3304000111 .360 11

1as04008201 CONCE,ETE 10 e EAT n!AL TYPE. MERE !YT D TAL
R$04008300 0 * SOURCE TYPE. FLA4. saTaCE NULTIPLIER
3s04006400 1 402 'EIT' 1. 1. * LES SC TTPE. ASSOC CT POOL IT FLACS
3B04008600 960. 7.5 7.5 * LES AREA. CRA3AC LDGTE. AIIAL LE3CTR
E504008400 0 e R28 BC TYPE.1883: CT, POOL ET FLAGS
E904008401 301. 11 * IIITIAL TIMP D ATURE 30D3 50.

3804009000 12 1 0 0 e 30. utEES, TTPE. 50 88 ' NIT. TR135 ITZ1 ,

fEs04009001 CEILING e

3S04009002 4.5 O. e BCTT3t ALTITUDE. OltIENTATICE j

R$04009100 al 10. * BODALIIATICE FLAC3. INSIDE RADIUS
'

5304009102 .001 2 *

ESO4009103 .003 3
B504009104 .07F 4
E504009105 .018 E
B50400910e .023 8
3504009107 .039 7
E504009108 .071 8
R$0400910e .kJ5 8
3804009110 .283 10
R504009111 .600 11
3504009112 .8 12
RSO4009201 'CAA30M ITEEL' 2 * NATERIAL TYPE. MESS TNTERTAL
3304009202 CZarCRETE 11
E504009330 0 + SOURS TYPE. KAG. SGmCE NULTIPLIER
3S04009400 1 402 'EIT' 1. 3. * 123 BC TfPE, ASSOC CV. POOL ET FLACS
E504009600 584. 11. 8. e 123 AAEA. CRAAAC LDCTE. AIIAL LDCTE
as04009e00 0 * BC 3C TYPE. AIFIC CT. POOL FT FLAGS
as0400se01 301. 12 e IEITIAL TDtPGATURE. WWE 50.
* |

3804010000 13 1 0 0 e 50. 30 des. TYPE. NO 88 IIIT. TRAR$ ITER '

E804010001 FLOCR
e USED TERTICat (RIENTATICE TO ELINDATE PCOL BEAT TRABsFER
B04010002 -4.1 1. e BOTTIM ALTTTUDE CRIIrfATItaf
1304010100 1 1 0. e WCCALIZATIOR FLAGS. D8IDE RADIUS
3504010102 .001 2
5304010103 003 3
3804010104 .007 4
E504010106 .015 8
3804010106 .021 6
N04010107 .038 7
35C4010108 .071 S
E50401010e .136 9 .-

8804010110 .263 to /|
3804010111 .500 11 "!
3504010112 .75 12
3804010113 1.15 13
5504010201 CDBCRETE 12 e NATDIAL TYPE. MESE DTDSAL
E904010300 0 e SOURCE TYPE FLAO. 30lTR2 NULTIPLIER
3304010400 1 402 'EIT' 1. 1. * 124 BC TTPE, 1880C CV. Pom. ET FLAGS
BE04010000 844. it. 5. * LES AAFA. CRARAC LEE 775. AIIAL LDGTB
B304010000 0 * SE1 BC TYPE. A$$0C CT, POOL ET FLAGS
3804010001 301. 13 * IIITIAL TEMPDATURE. NG)E 50.

3004011000 2100 + 50. DCDES. TYPE. NO 88 IIIT. TRABB ITER
N304011001 NISC.3TIIL
3804011002 4.1 1. * D0ff3t ALTTTUDE. GLIENTATIGE
3B04011100 1 1 6. * 35)ALIZATIOS FLAGB. 351DE RADIUS
3504011102 .01TF 2
RB0401t201 ' CAR 305 STEEL' 1 * MATDIAL TYPE. NESE INTRfAL
Es0401eW 0 - e SGTnCE TYPE FLAC, 30rJacE NULTIP'.IER
B504011400 1 403 *EIT' 1. 1. e LES SC TYPE. ASSOC CT POCL IT FLAGS
3504011400 184.9 3. 3. e Las AAEA. mm LDCTE. AIIAL LENGIN

I
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3 04011000 1 402 'EET' 1. 1. e RSS SC TYPE. ASSOC Cf. PUEE. If Fues .

M04011700 100.0 3. .- 3.n,.

h
- , 304011801.308.4 2 e 1517141. TBrERATURE. 50DE 50.

~ .e
seeee - 32TEL.136.EEERTE SURFACES
e,eee

. M 04013000 13 1 0 0 e M. 5tBES. TTPE 50 SS ISIT. TRABB ITER }
B 04013001 EETWall
304012002 4.1 1. e BUTTtst ALTTTUDE. WIINTATIM '
M04012500 1 10. - e atmaL11&TICE FW48. IESIDE R&DIUS .j:

5 04012102 . 001 2 * LOCAT108, atEE 80.
B04012103 .003 3
Mae012104 .007 - 4
500012105' .016- S

. 3 04012108 .023 ' S
5 00012307 .030 7
5 04012808 .071 8
5 04012100 .136 . O
304012110 .283 10c

'- M 04012111. 500 11 l,
' 504012112 .750 12

M 04012113 .000 13 '
304012201 GBCREFE 12 e NATIAZAL TYPE, HESE INT BVAL
N04012300 0 e ecua m TYPE. Flaa. SOURCE NULTIPLIER
5 0e013e00 1 403 ' RET' 1. 1. * LES SC TfPE. ASSOC CT P0tE. BT PtJOS

!5 04013800 871. 7.5 7.5 e las AREA. CBAAAC LEBOTE. A3IAL 135075
' 5 04012000 4300 410 *EIT* 1. 1. * MB BC TYPE. ASSOC C'. Peti. ET FUS$. '!

3
E304012700 571, 7.8 T.S e RES AREA. CR&RAC L D OTE. &IIAL LINGTE '

3004013001 301. 13 e 1stTIAL Tersa&1VRE. stat 50.

3 04013000 11 1 0 0 * 30. 3t288. 71PE. 30 SS INITi Th&ES TTER
5 04013001 PRIM-COWT.V &!1A
5 04013902 4.1 1. e EtFfftal ALTITUDE. (RIENTATTW
B04013100 1 10. 3rmr mTIIN Fuss. IBSIDE RADIUS ,

3 04013102 .001. 2 (
N04013103 .003 3
504013104 .007 4
M04013805 .018 8

.*5 04013100 ' .023 0 ~!M 04013107 .030 7
B04013108 .071 8
M oe013100 .136 0
M 04013110 .243 to *
M04013111 .500 11
B04013112 .750 12
E30e013113 1.00 13 . J
B04013114 1.80 14 .

304013201 GBCRETE 13 e MATERIAL TTPE. NESE INTERTAL
M 64013300 0 e scURCE TYPE. Pus. SERFRCE 9R3LTIPLIB ,

304013400 1' 403 851T' 1. 1. * LES SC TYPE. ASSOC CT. P0tE. BT FLaOS ;

E304013000 316. 7.5 7.6 e LM aata, tzARAC LastfE. AIIAL LEEGTE .t

504013000 0 e RM BC TYPE. 45800 CT. POOL 37 FL408
M 04013001 301. 14 e 1NITIAL TBIPERATHE. 500E 50. s

,
e .

-- y

5 04014000 11 1 0 0 e 50. 312E8. TYPE. 50 SE INIT.1 tags ITER v

5 04014001 INT walla
3 04014002 4 1 1. e StTrft31 ALTITUDE. ORIENT &TftB - n

304014100 1 1 0. * MSALIE4 TICS FLaOS.13BISE RADIUS
M 04014402 .001 2
504014103 .003 3 |

, 3 04014104 .007 4
5 00014108 .018'. B
M D4014108 .028 8

n

. 500014107 030 '' T
. M 04014108 .071 6

3 04084100 , .138 9
'f5 04014110 .283. 10

M 04014111 .380 11
W ee014301 (RWCRETE 'to e IIATER147 TTPE. IEEE INTERTAL

e SWRCE YTPE. 71.aS. SOURCE IRE.TIPLIB -i3 04014300 0
. *EIT' 1. 1. e IJE BC TYPE. ASSOC 'N, Pole. ET PLASE 'I50e0144<J 1 403

15 04014000 948. T.S 7.5 e las aaE&, czaBac IJBETE. 4314I,12strE i

M 04014800 0 . e 315 SC 7tPE. Assuc CT PEL 5t FlaOS , .' ,.i

e INITIAL TW r W&TURE EM E W . 'j504014001 301' 11 '
L .)

.

e
- 3 04010000 12 ) .8 0 e 50. NEBES. TVPE, 30 SS IUIT. ThaES ITER

,

m eeste001 CEILING - .-

3 04010002 4.6 6. e 301531 ALTIVSE. ERtErfATIEN i)
5 00018100 1 1 6. e 5tEMLIZAT105 FWGB, IESIM SA0!US j

B04016802 .001 2 ;

B 04016803 .003 3 q
1' 504018104 .007 4

304016808 .018 5 1

5 04018108 .023 8 1

5 0e016107 .030 7 j
W 04018400 .071 0
3 04018800 .138 9- ;

304018110 .363 10
304016111 .000 11
M 00016812 .6 12-
usee 01SW1 'C&asas sten' 2 e mat BIA. tTPE usBs trT W Tat

.L
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304018302 CWCREFE 11
304018300 0 e U m a s TTPE. FLa4, Souta NULTIPLI B -
304088400 1- 403 'EIT' 1. 1. ~ e IAS SC TYPE, ASSOC CT, 70tL ff Pue8
mee018000 807. 11. 8. '* IAS ARta. CMARAC LEN TE, AIIAL 1J39 5
m 04010e00 0 e RW 90 TTPE. ASSOC CT, POOL ET FLafi
Esceotteet 301. 13 e gpIT!AL TBE'ERATURE, 5tBE 50.*

e
3 04010000 13 1 0 0 - e 30. WWES, TTPE. 30 5 1817 TRANS ETER
3 04014001 PLeta
e UMD TRT! CAL tRIENTATION 10 ELIKIBATE P015. hSAT TRassPR
5 04080002 4.4 1. * BOTTtBI ALTITUDE. ORIENT &T!W .

'{
3 04018100 1 1 9. * EBALIZAT10s FLaes,1sstat RADIUS -

,

3 04010102 .001 2
504014803 .003 3 ' '
M040181M .007 - 4
5 04088104 .015 5

. ;5 04018808 .023 8
B 04014107 .030 7

# B 04014108 .071 8
5 04010100 .136 9

. 3 04018110 .283 10
E30e010111 .800 , 11

+ ,

3 0 # 18112 .?S 12 i
3 04010113 1.15 13
304018301 (NBCRETE 12 e NATERIAL TYPE.1885 INTERTAL

'

'U
EB04014300 0 e SOURCE TTPE. Flao, 30pam NULTIPLI M '

504014400 1 403 'EIT' 1. 1. - * IAS SC TYPE, aa00C CT, POOL ST PL448 '
M 04018000 587. 11. 5. e LES AREA, CEAAAC LDUTE. AllAL LENGTE
3 04010000 0 e RM 3C TTPE. ASSOC CT, POOL ff Ftaes ,

3 04014808 301,. 13 e INITIAL TD FERATW E, NEWE W .
e
M04017000 2100 e 30, 5 TEES,1TPE, 30 SE INIT. TRAES ITER
3504017001 at18C.8T M L *
B 04017002 4.1 1. e StFfftBI ALTITURE, (RIENTAT!W
M oe017100 1 1 0. * 5t24LIZATION FLAGS, INSIDE RAbf95
504017102 .01TF 2
5 04017201 'CAages STEEL' 1 e itATERIAL TYPE. BEBE INTERTAL
E304017300 0 e SOURCE TTPE. F1Ja, 30DECE IRILTIPLIER
B04017400 1 483 'EET' 1. 1. * LRB BC TTPE. ASSOC CT, 701N. ET Fladt
M04017800 108.9 3. 3. * LES AREA, CNAAC LauffE. AKIAL 18301E '

3 0e017e00 t 403 'IET* 1. 1. e SES SC TTPE. ASSOC CT, POER. NT FL408 -
M 04017700 led 9 3. 3.
3 04017801 306.4 3 e IIITIAL 1EMPERATUM. BEEE W.
e
eeeee ' 121EL.186 8E SURFACES
eeeee
5 04010000 13 1 0 0 e 50. 5t255. TTPE, 30 38 !stT, Thaus ITER :
BB04010001 EITVALt. *

5504010002 .5.1 1. * 307T138 ALTITUDE. ORIENTAT!!N
N 04018100 1 1 0. * MSAL11AT10E FLAGS. INSIDE AADIUS 1

304010102 .001 2-
M04014103,.003 3
5 04010 04 .007 4'
3 0e018406 .018 8 ,

304018108 .033 8
3 04010107 .039 'F

3

B04018108 .071 ' S
. 3 04018109 .138 9
. 3 04018110 .363 10
M04018111 .500 11 *

,
- 3 04018112. .T00 12

304010113 .00 13 -

5 04018301 CNBCEEtt 12 * IIATER!aL TTPE IEEE MIERtaL'

2 04018300 0 * StuttR TTPE, FMS, StR4*T.1R55P4 IR =

3 04019000 1 404 *EIT' 1. 1. * IaB SC TYPE. AABOC Co. PF L M PUSSA

504018000 348. S.3 e.3 e LES assa, 43&aac LWBTE 4E14. IJWTE
> ;3 0e010000 4300 410 'EET' 1. 1. * MB 3C TTPE. AAMC Cf. PetE.1T FLas .

B04018MO 345. 8.3 S.3 e a m ARRA, CRARAC I N STE. AEIAL Lt.1515 ,
3 04018001 308. 13 e 15tTIAL 15 p B 41 M . EBE W .

. e
" ' 304018000 15 1 0 0 - * 30. 55E5. TVPE. 50 SS INIT. TRaaB ITER

i
5 04015001 PCWAIL ,-

E'30e018002 S.A 1. * EUTTIBl ALT!1EIE. tRIENTA1TW
- 3 040191e0 1 1 0. * EmaLIEATTON FLAAB,15BIEE BADIUB

B 00010102 .001 3
5 00019803 .003 3 r

' 3 04089104 .007 -4 ;,

meestMOS .019 5
: M04089806 '.ets e '

5 04019107 .039 -'7
3 04019188 .071 8-
5 04019400 .138 9
W04089110 .283 10
3 0e089111 . 500 11 '

e 5 04019112 .700 12
3 0e019113 1.00 13
90401M14 1.50- 84'
aspe019tts 1.70 18
Imee01eset OmCatrE 24 . MATER uL TTPE. ness t TEnTAL
note 01as00 0 e scone mE. Fus, scueCE NULTIPUM
mee01eese 1- . m e ' Err' 1. 1. * 1as aC TTPE. Ass 0C CT, p0m. rr ruas

Listing, May 13 1991. - 22 -

,.
.
.

ih r w v ..,w--e. g- , , e .-c. ., n,n



R804019600 113. 4.3 8.3 + 125 AAEA. CRAAAC LDOTE, AIIAL LEWTE
* RES BC TYPE ASSOC CV. POOL ST FLAGS3304019e00 0

Rs04019e01 301. 15 * INITIAL TIMFDAT'JtE. 302 50.

R504020000 11 10 0 * 30. SCOD. TYPE. 30 88 IIIT. TRAIS 11Z1
2804020001 IFTVA12.

* DOTTOM ALTTWDE. DAIENTATIDW5504020002 8.1 1. * WCDALIZATIOS FLAC3, INSIDE RADIUSE504020100 1 1 0.
ks04020102 .001 2
5204020103 .003 3
3804020104 .007 4
3s04020106 .015 8

B504020108 .023 8
8804020107 .039 7
3504020108 .071 8
3804020109 .135 9
Bs04020110 .243 10
E804020111 .450 11
3504020201 CW CRETE 10 * MATRIAL TTPE. MEEE INTDTAL

* BatmCE TYPE. FLAQ, SCtJRCE NULTULIUESO4020300 0
E504020400 1 404 'EIT' 1. 1. * LAS DC TTPE. AS$0C CY. POOL FT FLACS
RSO4020500 1882. 4.3 8.3 * LES A1EA. msnm LDOTB, A11AL LINCTE .

* RES K TTPE. Attn' CY. POOL IT FLAcaIBM 020800 0
B204020e01 301. 11 * IIITIAL TEMPDATURE NODE 50.

RSO4021000 11 1 0 0 * 30. WCEES. TYPE. 30 38 IETT TRANE ITER
ESO4021001 CEILIs0
3304021002 1J.8 0. * BCTTtM ALTITJDE CLIO TA1TC5

* 30DALIZAT!05 FLAGS. INSIDE RADIUSE504021100 1 10.
MSO4021102 .001 2
5504021103 .003 3
R804021104 .007 4
5504021105 .015 &

ESO40211tW .023 8
3S0402114,1 .039 Y

55040J1108 .071 8
E504021109 .115 9
5504021110 .263 to
R304021111 .500 11
MSO4021201 'CARa0N STEEL' 2 * M11 TRIAL TTPE. MISE INTERVA1.
R304021202 CONC 21TE 10
E804028300 0 * $3/R3 TYPE. FLAd. SalmCE MULTIPLIEL
3504021400 1 404 *EIT' 1. 1. * LES SC TTPE. ASSOC Cf. POG. ET FLAGS
ESO4021600 291. it. 5. * 1AS AREA. ensam LIETE. AIIAL LDGTE
B304021800 0 * RBS DC 7772, ASSOC CT. PCOL FT FLAGS

E504021801 301. 11 * INITIAL T1MP DATUta, BODE 30.
*

3504022000 12 1 0 0 + B0. NODES. TYPE. 50 SS IFIT. TRAIS ITER
8804022001 F1204
* USED VERTICAL OKIENTATION TO ELIMIIATE PGL EEAT TRA21TER
RSO4J22022 8.1 1. * 30TTIN ALTITUDE, CRIENTATI M

RSFA22100 1 10. * gnnar nsT10B FLAC3, DSIEE MDIUS
F A022102 .001 2
'J04022103 .003 3
RSN022104 .007 4
tSO4022105 .015 5
RSO4022108 .023 8
BSO4022107 .039 7
R$04022108 .071 8
B304022109 .135 9
5804022110 .283 to
B304022111 .600 11
E304022112 .400 12
EB04022201 CORCRETE 11 * NATELIAL TYPE. MESI INTDTAL
3804022300 0 * SGmCE TYPE. FLAG 30tmCE MULTIPLIII
E504022400 1 404 *EIT' 1. 1. * LES 3C TYPE. ASSOC CT POOL IT FLAC3
B30402250) 281. 11. 6. * 128 AAEA. CIAAAC LENGTE. AIIAL 123715
380402280u 0 * BIS K TTPE. ASSOC CT. POOL NT FLAGS
3804022A01 301. 12 * IIITIAL TDEPDATUht. SG)E 50.

E804023000 2100 * 30. NG)D. TTFE. 30 38 IIIT. TRANS ITTA
M304023001 STE2L
ESO4023002 8.1 1. * BOTTON ALTITUDE. CLIENTATIM

* annar naT105 FLAG 2. INSIM RADIUSE504023100 1 10.
2

E504023102 .e.01273504023201 ana m ETEEL' 1 * KATDIAL TYPE. NESE INTERTAL
3304023300 0 * suunCZ TYPE. FLAG, SalmCE MULTULIER

M504023400 1 404 *t1T' 1. 1. * LES SC TYPE. AASDC CT. POG. ET FLAGS
RSO4023500 7.9 3. 3. * LES AAEA. CEARAC LDC11. AIIAL LENGTE

E504023800 1 404 'EIT' 1. 1. * RES DC TYPE. Ass 0C CT. PDG. ET TLAGS
ESO4023700 f.9 3. 3.
E504023801 301. 2 * INITIAL TDtPDATURE. BCCE 30.
*

***** LETEL.18&41AIE NURTACES
PSO4024000 13 1 0 0 * 30. NCDES. TYPE. FD $$ IIIT. T3A33 ITER
5504024001 IITVALI. * BUTT 36 ALTITUDE 0AIENTATT055504024002 8.1 1.

* STALI2ATIDE FLAC3 INSIDE R&DIUSE504024100 -1 1 0.
E504024102 .001 2
R$04024103 .003 3
3304024104 .007 4
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Es04024106 .015 5
3504024104 .023 4
3804024107 .039 7
5804024106 .071 4

|3504024109 .f35 9
R804024110 .263 to
3504024111 .500 11
M 04024112 .760 12
E04024113 .90 13
3304024201 03fCSETE 12 * MATDIAL TYPE. MESE INTDTAL
35040243rio 0 * SGJRCE TYPE. FLA0. 50llk2 MULTI? LIER
3%4024400 1 405 'EIT* 1. 1. * LES BC TYPE. ASSOC CV. POOL IT FLAGS
E304024400 1030. 8.3 83 * LES AREA. tmar' LDGTE. AIIAL 12 NOTE
Es04224800 4300 410 'EIT' 1. 1. * hES DC TT?E. Assac Cf. 70G. ST FLAGS
E804024700 1030. 8.3 S.3 e SAS AREA GAAAC LENGTE. AIIAL LEsCTE
E50 024001 301, 13 * INITIAL TBFDATURE. BG)E 50.

3804025000 15 1 0 0 * 30. BODES. TYPE. 30 88 INIT. TRASS ITER
3504025001 PQIAtt
3504025002 6.1 1. * BOTTDI ALTTTUDE. ORIENTATI0f
E804025100 -1 1 6. * W W ALIZATION FLAGS, IMSIIIE BADIUS

ESM025102 .001 2
R$04025103 .003 3
ISO 4025104 .007 4
3S04025105 .019 5
E804025104 .0 23 8
3504025107 .039 7
ISO 4025108 .071 8
3804025109 .135 9
'I504025110 .263 to
3504024111 .500 11
3504025112 .750 12
E504025113 1.00 13
B504025114 1.50 14
ISO 4025115 1.70 15
3804025201 C BICAETE 14 e MATERIAL TYPE. EEEE INTD71L
B504025300 0 e SOUW2 TYPE. FLAG. SulJECE NULTIPLIER
5504025400 1 406 *EIt' 1. 1. * LES DC TYPE. ASSOC CV. POOL ET FLACS
ESO4025500 487. 8.3 8.3 e LES AAEA CIAAAC 12PCTE. AIIAL LENGTE
E504025400 0 e EM 3C TTPE. ASSOC CT. POOL ET FLAGS
E504025801 301, il e INITIAL TIMFD ATURE. BODE 30.

ISO 4024000 11 1 0 0 * NO. WCEts. TYPE. 50 SS INIT. 71133 ITER
ESO4024001 INTVALL ,

3504026002 5.1 1. * 3071131 ALTITUDE CRIENTATICE
ESO4006100 -1 1 0. * 50DALIZATIDE PLACS. IESLT. RADIUS
E304026102 .001 2

' E504026103 .003 3
E504024104 .007 4
3S04028105 .015 5
3904028104 .0 23 8
3S04028107 .039 7
ES04028106 .071 8
3S04026109 .135 9
3804026110 .283 to
3504026111 450 11
RSM028201 CONCRETE 10 * NATERIAL TYPE. NESE !YTDTAL
ESO4026300 0 * SOURCE TYPE. FLAC. SOURCE NULTIPLIER
E504026400 1 405 'EIT' 1. 1. e 125 BC TYPE. ASSOC CT. POG ET FLAGS
ESO4025500 960. 3.3 8.3 * LES AREA. CEAAAC LENGTE. A11AL LENCIE
ESO4028400 0 + RBS BC TTPE ASSOC CT. POOL ET flags
E304028e01 301. 11 * INITIAL TEMPDATURE. 31I18 30.

3504027000 11 1 0 0 e 50. 300ES. TYPE. FC SS IETT. TRANS TTER
Es04027001 CEILIM
3504027002 13.6 0. * 3CT704 ALTITUDE. ORID TATT W
E304027100 -1 1 0. e EMIALIZATIDE FLAGS. INSIDE RADIUS
E504027102 .001 2
5904077103 .003 3
EDM0271M .007 4
E304027108 .015 5
B04027106 .023 4
ESO4027107 .039 Y

5504027108 .071 0
ESO4027109 .135 9
5804027110 .263 to
3504027111 .500 11
3504027201 'Cahaut ET131' 2 * K&TERIAL TYPE NESI INTERTAL
E504027202 CONCRETE to
3504027300 0 * SGTBCE TYPE. FLA0. SODBCE NULTTPLIER
3s04027400 1 405 'IIT' 1. 1. e LES SC TYPE. ASSOC CT, POG. IT FLAGS
ESO4027500 874. 11. 5. * LES AAEA. GARAC LINTE. AZIAL LEICTE
E504027e00 0 . * RBS SC TT7E. ASSOC CT. POUL II FLACs ,

3804027801 301. 11 e IIITIAL T1MPDATURE. NG)E 50 |

b 20000 12 1 0 0 e 30. SCDES. TTPE. 30 38 INIT. TSARS ITER
3804020001 ff.DGL
e USED TEETICAL QLIENTATIDW TO ELIMIIATE POOL MAT TR.AssTER
E804020002 6.1 1. * BOTTDI ALTTTUDE. ORIENTATT W
ES04028100 -1 10. * NOD &LIZATI M FLAGS. INSI M RADIUS i

'3504028102 .001 2
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30402a103 003 3 1

'30e030104 .007 ' 4
3 04020106 .018 5 ,

1304020104 .0 23 8
|304038107 .030 7

304030100 .071 -S i

304028100' .136 9 0
504030110 .243 to
304020111 .500 -11
3 04028112 .000 12 -

304020308 (EBCaETE 11 e llATRIAL TYPE. MSR 157BTAL
30402 ease 0 e SOURCE TYPE. Ptac. SERm2 IRA.TIPLIER
5804030400 1 405 'EIT' 1. 1. * LES SC TYPE. Assoc CT. P0tt WT FLAGS
50402ee00 704. 11. S. e las Aasa. CRAAAC LENTE. AIIAL LEDGTE
30e030000 0 e tm BC TYPE. Ass 0C CT. POOL NT FLAGS
aseeosse01 301. 12 e IBITIAL TWE'm&TURE, simE W. q

.e |

M 04020000- 2 1 0 0 e 30, 3t5188. TYPE. 50 SS INIT, TRasS ITER j

B04029001 STE L
504029002 5.1 1. * 90f1134 ALTITUDE. RIENTATIm
304029100 1 1 0. * 3CDALIZATION FLAGS, INSIM RADIDE ]
304029102 .0127 2
304029301 'CAAA05 FrEEL' 1 e MAT RIAL TYPE. NESS IFTERTAL |
304029300 0 e SOURCE TYPE. FLAO, 30URCE lEILTIPLIER

|'
5804029400 1 405 'EIT' 1. 1. e 128 BC 1TPE. Assoc Cf. POG. BT FLAGS
30402M00 23.0 3. 3, e LES ARIA. CBARAC LENGTE. AXIAL LENGTE

'

5 04029000 1 405 'EIT' 1. 1. e RES DC TYPE. ASSOC CT, POG. ET FLAGS
EB0402FF00 23.8 3. 3. l
3804028001 301. 2 e 181TIAL TEMPERATURE, BUCE 50.

i
. .

.Ieeeee 12 VEL.195.SE SURFACES
'I'essee

-*= 12 1 0 0 e 30. EtIES TYPE. 50 SS 1517. TRAss ITER |
3 04030001 IITVAI.1, l
BM4030002 14.2 1. * 30r1134 ALTTTUDE. CRIF2TATIM

'

304 % 100 1 1 0. * ELEALIZATIDE FLAGS. ZuSIM RADIUE ,

304030102 001 2 ,

304030103 .003 3 .q
3 04030104 .007 4 1

ER04030106 .015 5
5304030104 .023 6

'3B04030107 .038 7
IEB04030108 .071 8

300403010s .136 8 !

E804030110 .263 10 1
304030111 .500 11
M504030112 .800 12 . .

I
'

304030201 CINCRETE 11 e MATERIAL TYPE MESS INT D TAL
- *a" 0 - e SEMIS TYPE. FL40, SOURCE MULTIPLIER
504030400 1' 408 'EIT' 1. 1. * LES BC TTPE. amanr* CV. POG. BT FLAGS
504030800 See. 5.1 5.1 e LES AA24. CEARAC LINGTE. AIIAL 123075 ;
- * * 4300 410 'EIT' 1. 1. * RSS BC TYPE. Assoc CT, P015. Er F1J45 /

E804030700 See. 8.1 5.1 e has AAAA. CEAAAC L23075. AEIAL LENGTE
" " 1 301. 12 e 181TIAL TWIPERATURE. EtBE 50.

3040J1000 to 1 0 0 e 50. BODES. TYPE 30 SS IIIT, TRANS ITER 1
IEB04031001 PCWALL '

5 04031002 14.2 1. e ECTTDI ALTITUDE. ORIENTATIm
B04031100 1 10. e 5 @ ALIEATION FLAGS. IN8!at RADIUS i

504031102 .001 2 |
50e031103 .003 3 .)
3 04031104 .007 4 , 'i

5 04031105 .015 5
'

I

5904031106 .023' 8
B 0003110T .030 ? i

,

304031108 .071' S !

304031108 .136 9 i

3 04031110 '.283 10 l

3 04031111 . 500 11
' 504031112 .700 12

5 0e031113 1.0 13 !
B04031114 1.5 14

' 504831301 IINCRETE 13 e IIATRIAL TTPE. MBE INTERTAL 'l
2 04031300 0 e SINB2 TYPE. FL40. EINEM ISA.TIPLIER
5B04031400 1 406 'EIT' 1. 1. * 128 BC TYPE. ASSOC Cf. POtE. IT FLAGS
EB04031000 Ste. 5.1 5.1 e 13 AREA. CRAAAC 123075 AEIAL LIsrTE
804031800 0 * tm BC TYPE. ASSOC CT. P0tt WT FtJOS
Etee031801 301. 14 * INITIAL 19tPERATURE. 30EE 80.

-*=a11100 * 30 UtBas. TYPE. 50 581517. Th&B5 ITER
maa**aat FLOCR
e UEED TERT 1 CAL (RIEFTATION TO ELINIh 'XE, BAT ThabEPER
" **aa? 14.2 1. e BUTTt34 ALTITUDE. (RIENTATIM J

B04033100 1 10. e stBALIZATIOS FLAGS. IESIDE RADIUS
304033102 .001 2 .'
304033103 .003 3
304033104 .007 4
30e033106 .015 5
304033108. 023 4
3 04083107 .039 7
504033108 .071 8
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3804033109 .134 9
3s04033110 .243 10
ESOM33111 .500 11
3504033201 alECRETE 10 . MATERIAL TTPE. MESE INTDTAL
Bs04m m 0 0 e 30nCE TYPE. FLA4. SWRCE MULTIPLIB
Es04033400 1 404 'EIT' 1. 1. * LES DC TYPE. &&50C CV POG. IT FLAC8
Es0403Js00 248. 11. 11, e LES ARIA, CRARAC LDCT3. AZIAL 123CTE

EBOM33800 0 e 235 BC TYPE. AS300 CT. POOL ff FLAG 8
Es04 m ann sog. 11 . gMTI AL TEMPBATURE. BCDE E0.

34000 10 1 0 0 e 50. 300t3. TYPE. 50 88 I E T. TRAIS ITER
E804034001 CEILIs0
5804034002 26.5 0. e 90TT m ALTITUDE. CRIENT171 W
3504034100 1 1 0. . BODALIZATIDE FLAQs. IssIDE RACIUS
E304034102 .001 2
504034103 .003 3
E804034104 .007 4
E304034106 .015 5
E804034104 .023 6
ER04034107 .039 7
3504034106 .071 8
E504034109 .138 9
E30M34110 .150 10
3504034201 'CARSCar STEII.' 2 e MAT RIAL TYPE. MESE IIT nfAL
ESOM34202 CmCRZTE 9
3804034300 0 * SOURCE TYPE. FIJ4. SWRCE MULTIPLIM
B504034400 1 408 'EIT* 1. 1. e M3 BC TTPE. ASSOC CT. POG. IT FLACS
E504034400 245. it. 11. e LRS AREA. CRAAAC LDCT3. AZIAL 1331073
3s04034400 0 e RES EC TTPE.128G: CT, POOL IT FLAGS
3504034401 301. 10 e INITIAL TDtPERATURE, WODE E0.

3s04035000 1100 e 30. NG)E3 TYPE. 50 58 INIT. TRANS !TER
5504038001 STEII.
3S04035002 14.2 1. e SCTfm ALTT1UDE. CRIENTATICN
3804035100 1 1 0. e BUDALI2ATICE FLACs. IssIDE RADIUS
3504038102 .0127 2
Ebo#38201 'r'anant STEZI.' 1 e K1TERIAL TYPE MESE INTERTAL
B50403&300 0 * SGJn2 TTPE. FuG. SOURCE MULTIPLIER
1804036400 1 406 'EIT' 1. 1. * 128 BC TYPE. Ass 0C CT. POG. If FLAG 8
BSOM35800 4.5 3. 3. * LE3 AREA.' CBARAC LEE 7TE. AZIAL LENGTE
E204036#00 1 406 'EIT' 1. 1. * RES SC TYPE. A380C CT. POG. 57 FLAG 8
E304038700 4.5 3. 3.
E804036act 301. 2 * IIITIAL TDEPTRATURE. RCEE 50.
* .

.. .. u A13 gURFACES
eeee.1m
3504038000 1s 100 e 30, 33)ES. TYPE. NO 88 1817 TRANS ITER
Em0403a001 E2WA!4
5S04036002 14.2 1. e 30TTCM ALTITUDE. CRIENTATION
3S04036100 1 1 0, o BODALIZATION FLAGS. INSIDE RADIUS
E504034102 .001 2
3S04034103 .003 3
3504038104 .007 4
5804036106 .018 5
3904034104 .023 8
E304036107 .039 7
5504036106 .071 8
3504036109 .136 9
3504038110 .253 10
3S04036111 .500 11
3504034112 .000 12
E30 M38'J01 CtBICRETE 11 e NATDIAL TYPE. NESE INTERTAL
E804034300 0 * 30nCE TYPE. FLAQ. SGJRCE MULTIPLIER
3B04036400 1 407 'EIT' 1. 1. * LES DC TYPE. ASSOC CT. POG. BT FLAC5
EE04034800 1222. 5.1 5.1 e 1Jts AREA. ''Emt" LEICTE, A11AL LENCTE
E804036400 4200 410 'EIT' 1. 1. * BBS SC TYPE. A380C CT POG. NT FLAC8
E504034700 1222. 5.1 5.1 e RES AREA. CRAAAC 1DCTE. mat LgEgIB
E304036801 301. 12 e IIITIAL TEMPDATURE. NG)E 50.

3304037000 14 1 0 0 e 30. N1 DES. TTPE. 30 SS IIIT. TRaus ?TER
350 M37001 PCWA!1
5 04037002 14.2 1. * EDTTIM ALTTTUDE. CRIUTAT!!N
EB04c37100 1 1 0. e SG)ALIZATIDE FLA08. IISIDE RADIUS
3804037102 .001 2
504037103 .003 3 ,

204037104 .007 4
E504037108 .016 8
Eu04037104 .023 8
3804037107 .039 7
3504037108 .071 8
E804031109 .136 9
E504037110 .253 10
E304037111 .500 11
ESO4037112 .750 12
E504037113 1.0 13
EB04037114 1.8 14
3804017201 CIBfCRETE 13 * MATERIAL Tf71. MESE IFTMTAL
Es04037300 0 * BOURCE TTPE. FLAC. SOURCE MULTIPLIER
ESO4037400 1 tof 'EIT' 1. 1. e 1.28 BC TTPE Ass 0C Cf. POG. ET FLAGS
EE04037800 960. 6.1 6.1 e 1.33 AREA. CRARAC 3DCTE. A11AL LDCTE
3u04037s00 0 e Ras BC TYPE Ass 0C Cv. r00s, sf Fucs
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3504037801 301. 14 * IIITIAL TDIPERATURE. Bott 50,

3804039000 11 1 0 0 e 50. NG)ES. TYPE. 50 88 INIT. TRAss ITER
550 M39001 FLOR
* USED VERTICAL GLIENTATIDW TO 12.IMINATE POOL BEAT TRANSFER
35040J9002 14.2 1. 30ff0M ALTTTUDE CRIEFTATION
3s06 39100 1 1 C. * BG)ALIZATICE FLAGS. IN3IDE RADICS
3804039102 .001 2
3904039103 .003 3
N 04339104 .007 4
3804419106 .016 5
3R04039106 .0 23 8
R804039107 .039 7 .

M04039108 .071 8
E804039109 .134 9
B M4030110 .243 10 !

3504030111 .500 11
B504039201 (IluC3ETE 10 e K4TERIAL TYPE. NESE IFTERTAL
N304039300 0 e satJACE TYPR FLAG, SOURCE MULTIPLIM
E90639400 1 407 *EIT' 1. 1. * LES 3C TfPE. ASSOC CT, POG. Er FLAGS
E804039600 307. 11. 11. e LES AREA. MARAC LDGTE. AZIAL LD7fB i

1
3504039400 0 e RES SC TYPE ASSOC CT, POOL ET FL&Q8
5804030001 301. 11 e INITIAL TEMPDATUu. NG)E 50. I

e

3804040000 10 1 0 0 e 50. IG)t8. TYPE. 50 88 IIIT, TRANS ITER
R804040001 CEILING
3804040002 25.5 0. e 30TIDI ALTTTUDE. ORIENTATI0f
RSO4040100 1 10, e 50DALIIATIDs FLAGS INSIDE RADIUS
3504040102 .001 2
B50 M4C103 .003 3
M504040104 .007 4
E50 640105 .015 5
R504040106 .023 6
R53M40107 .039 7
380M40108 .071 8
3504040109 .134 9
B504040110 .350 10
3104040 01 *CaRam STEEL' 2 * MATIA!AL TYPE. NESI INTDTAL
B504040302 CDBCaZTE s
3504040J00 0 e 30U3CE TTPE. FLAG SOURCE MULTTPLIER
MOM 40400 1 407 'EIT* 1. 1. e Las 3C Tf75. ASSOC CT. POG. ET FLAGS
Rs04040500 3J7. it. St. * 128 AREA. CEARAC LFMTE. AZIAL LDQTE
E304040400 0 e RES SC TYPE. A380C CT. POOL ET FLAGS
B50 6 40401 301. 10 e IBITIAL TEMPDATURE. NG)E 50.
e
350M41000 2100 e 50. BODES. TYPE 30 88 IIIT. TRA5S TIER
E804041001 KTEEL
M504041002 14.2 1. e 30TTCM ALTITUDE, CRID TATI N
B504041100 1 1 C. e unnar NATION FLAGS. INSIDE RADIU5
5504048102 .0127 2
M304041201 'CAASON STE!L' 1 e MATERIAL TYPE, ME3E INTERTAL
M504041300 0 e 30Uncs TYPE. FLAG, s0URCE MULTIPLIER
2504041400 1 407 'EIT' 1. 1. * LIS DC TYPE. Asa0C CT. POOL IT FLAGS
B304041500 13.3 3. 3. + 123 AREA. CIARAC LDCTE. AZIAL !.2NGTE
R304041800 1 407 'EIT' 1. 1. * RE8 BC TTPE ASSOC CT, PDG. ET FLAGS
R504041700 13.3 3. 3.
5304041801 301. 2 e INITIAL TEMPRATURE. EtEIE to.
e
ese** REFUELING BAT SURFACES
3504042000 8100 e 30. BODO TIPE. 50 88 INIT. TRAN5 ITER
5304042001 EITV&tJ.
3304042002 28.1 1. 30TTCM ALTTTUDE. ORIENTATI05
B504042100 1 1 0. e armar NATION FLAGS INSIDE RADIUS
3804042102 .0002 2
M 04042103 .0004 3
2004042104 .0004 4
BB04042105 .0015 5
N 04042106 .00254 6
MOM 42201 'CARMN STEEL' E * MATERIAL TYPE. MESI INT RTAL
Modo 42300 0 e SGTRCE TYPE. FLAG 30092 MULTIPLIIS

1. 1. e LES DC TTPE. ASSOC CT PDG, NT Ft408
18,'EIT*NB04042400 1 404

14. e 123 AREA. CEARAC LENTE, Af f Af. LDGTE3804042600 3043.
E804042000 0 + B38 3* TYPE. Ass 00 CT, POOL IT FLAGS
EBo#42301 301. 8 e DTTIAL TIMPE8ATURE. NODE 50.

Be04043000 8100 e 50. NG23. TYPE. 30 88 INIT, TRANS ITER
B504043001 CEI M IG
E504043002 45.0 0, e 3077G4 ALTITUDE. ORIZ5TATION
3904043100 1 1 0. e stI)ALIZATIDE FLaC8. IREIDE RADIUS
3504043102 .002 2
N04043103 .004 3
350#43104 .004 4

| 8504043105 .018 5
3504043104 .0254 8
3304043201 scanrw gTEzts s e MAT u !AL TTPE. MEIE INTERTAL
3804043300 0 e sounCE TYPE. Flac. $0U3c2 MULTIPLIER
3804043400 1 404 'EIT* 1. 1. e La3 SC TYPE ASSOC CT. POG. ET FLACS
B504043500 1541. 16. 14. * I.23 AREA. PtAW' 11NC1h AKIAL LDCTE
B50 @ 43800 0 e BBS E TTPE.1830C CT, POOL IT FLAG 8
asoe043e01 201. s e IrITtAL TrMP RATUu Nors s0.
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umaandaaaa to 1 0 0 * 30 500E8. TYPE. 30 as 1517. Teams ITER
m oesteest PLetut !>

e UEED WERTICAL datarTAT105 TO ELIMINATE P05. NAT TaassrER I
,

e artf98 ALTITUDE CRIENTAT!W30e0Mo02 as.1 1 |

3 0e044n00 1 1 6. e stBALIt&T100 FLaos. 15sIm RADIUS
=.l

304044102 .001 '2

3040 H103 .e03 3
,F'
.,

,

3 04044104 .e07 4
1504044106 '.015 8

f,
- 3 000444e8 .023 e )

3040 M807 .038 7
i

N 04044808'.071 8 i
'

M 04044100 .135 9
3 04044110 .230 10
30e04431 estarrt 9 e NATERIAL TYPE. IESE INTERTAL

-

30e0Nast 0 - e SOURCE TYPE. FLae. SOURCE MULT U LI B - 1
3 04044400 1 408 'EIT' 1. 1. * LES SC TTPE. A300C CV. PetE. ET FLead

s 304044800 0
' 16. 14. . e 125 AREA. CE&aac LE5etE. Alf AL 1250T55040 M500 1382. R

* RAI SC TYPE. ASSOC CT. POOL ET FLae8g '

W O40 M 001 301. 10 e INITIAL TBE'IRATURE. 53 E E . i

i

100 e 50. 50 DES. TYPE. 50 88 DIT. 79458 ITER
2,rEn.

aaa^'
-.
E004048002 38.1 1. * StrrfGE ALTTTUDE, ORIENTAT!tN

," N04048600 1 1 0. e 5tBALIZAT10N FLAes. INSIM A&Dros
504046102 .0127 2
man m a n g eCARBEN STEEL' i e MATERIAL TYPE. 9385 !s1ERVAL

. 3B04048300 0 . * SOURCE TYPE, FtJG, 200tCE NULTIPLIM
i " " " aaa 1 404 '327' 1. 1. * LES DC TYPE. ASSOC CT. P05. ET FLA05

= aaadamaa 364. 3. 3. * LES AREA. CRAAAC LDOTE. AI!AL LDOTE
n 04044eso 1 404 ' EKT' 1. 1. * Ra8 SC TYPE. Assoc Cf. POOL IT FLAG 8
504045700 20s. 3. 3.
M 04040801 301. 2 e DTTIAL TEMPERATURE EME W. -

e
***+* 198315E EUItht90 SURFACES
EBoeMee00 e100 e 50. NimES. TYPE. 30 88 !stT. TRABE ITER
EB0404do01 EETWA12. i
3 0404e002 S.1 1. e 30T191 ALTITUDE. ORIENTAT!!N
E804048100 1 1 8. * 5tBALI3AT10s FLaos. INSIM SADIUS,

504048802 .0002 2 )
3 04046803 .0004 3

j;WeeMe104 .000s 4

a.s0mulos .00 s s04 e 08 .002 8 >1
-

=^^a''*al 'CAAsts STEEL' S * MATERIAL TYPE. NESE INTERTAL , '

-0 * SEFJb3 TYPE. FLae. SINhCE 85JLTIPLIER
B0404ees0 1' ' 400 'EIT' 1. 1. * LES BC TYPE. ASSOC CV. POG. ET FLAGS

;

EB04044800 r|J7. 16. 18. e LES AREA CEAAAC 125575. ARIAL 125GTE
504044800 0 e 335 BC TYPE. ASSOC CT. POOL WT FL405 r

,

E00404ea01301. 4 * INITIAL TBIPERATURE. 500E 50. q

30 RODES. TYPE. 50 SS 1EIT. TRABE ITER :504047000 4100' *
5B04047001 CEIL 150 '!
5 04047002 21.9 0. e 30TT91 ALTITUDE. ORIENTAT!!N
B 04047100 1 1 0. * 5tEMLIEATION FLaaS. INSIM SADIUS
504047102 .002- 2 j50e047303 . 004 3'

304047104 .000 4 '

. 30e047308 .015 6
B04047106 .0254 8

' B040472W1 'CARBtB t!EIL' 5 e mattBIAL TTPE IEEE DTEMA1. >J

5 00047300 0 e SOUn a TTPR. FLae. SOURCE IAILTIPLI M * 3'

',

1. * LES 3C TTPE. AAAOC CV. PetE. ET FtJOS ''EIT'
.1. e 15 ASEA. CEARAC 125015 ARIAL LR5GTE

30404?400 1 409 !
' 3 00047800 0007. 16. 16 .)-

M04047800 0 e RES SC TTPE, ASSOC CV. PIEN. ET /LA N '
' 5 0004? set 301.' 6 * IE!TIAL TBIPERATURE. WORE 50.
* :
.De648 e 8 00 * . . mE. = = orf m . r=R ti

W ee M 0001 FL0m
e We WBTICAL Im!IrfAT10E TO ELIMIBATE POE. MAT 1RAENER J}

. 1. * 30TitBI At.Tff W E. ORIN TAT!!N 3

= anam " .5.1 e 500AL22AT305 FLAes, 335ISE RANUBM eteestee 110.
,

3 040e0183 .2 5
.

.)304044805 . 23 8 .
e MATERIAL TTPE, IESE INTERVAL.

I

30e04051 GNCREIT. 5
504000300 0 * SENRCE TWE. F1J0. 885R12 IRILTIPLIB
3040e4e00 1 409 'EET' 1. 1. e LES pc TTPE. AASOC CF POEE. W PLae5 '

W oesessee esof. '14. 14. e 15 AREA. CBARAC 123BTE. A11AL tJiutTE ,

i
e EM EC TYPE. ASSOC CV. PIBIL NF PtJAEM040e8800 0 ..

8 e INITIAL TBIPERA11RE. NIER 83. {M 04040001 301.i

B04040000 2100 e 50. Elk 25. TTPE. 50 SS IMIT. TRAES ETER
,d

ma m aaat NTIEL
~

50e040002 8.1 1. * 30T1t38 ALTffUDE. CRIENTAT!W
B 04040900 1 1 6. e BluuLIZATIOS FLAGS 355!IE SADIUS ,

=i

5 00040802 .012f 2 I

3304049301 'C&aa m STEEL' 1 * MATERIAL TTPE. 3E55 !FTERVAL '

3 04040300 J e utWRCE TTPE. FLae. SENBCE IER.TIPLIER
3 0e049e00 1 409 'EST* 1. 1. * LES SC TYPE AmeC CV. POtE. ET PLAGS ,1
m an - an agg. 3, 3, .

gas 3333, gaaBAC LDETE. ARIAL LE5tr!E
, -- a m e 'EET' 1. 1. e ans sc mE. -ne CT, POOL sf rLass |

1
;
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P 1 h' ' .- (s . .
d

i r
' "

<

1 4

' W M049P00 386
.2 '

3.J.-
* 15tTIAL TDMRATURE BIEE 50.' W o4040001 301 eeeeeeeeeeeeeeee... .

..eeeeeeeeeeeeeeeeeeeeeeeee...eeeeeeeee........e eeeee .
eeeee TAEULAR PUNCTION INPqrf FtB EEAT suas .

. TF30000 8038 ET CMP' 1 1. 6. e sane.' 50. P&fas,larL CDEST. ACD CON 8Teeeeeic
* TIME. M AT TRANSFER CEEFFICI N TTF30010 4. 8.0P -

4. e BANE 50. Palas,infL C0u57. ADD C W37
' TF21000 '9 5 T . 380' 1 1..

TF21010 0.eeeeeeeeee. 3. 6..ee.....ee.........ee.
..........T.185..,.S.E..T W PERATURE.

. eeeeeeeeeeeeeeee...
'

ee.......e.ee......e eeee eeee$ ......e .e eeeee.....eeeeeeeeeeeeee eee eee.......

e . CORE Pamaat 1907
eeeeeeeeee eeee eeee eee e e eee ee ee e e ee ee e e eeee eeee eee e eee e eee eeee eeee eeee eeee ee e e ee

anarES PWBT Am Pum 30TTOM INPtfr ADAPTED Fret TER*'
' Im a m C M E 1EPqrf DR S CONSTUCTED FOR LA84LLE e

e
e

USA 115 C-14TftCE SPAC!5GS WAEGED 10e
D-14TTitz WACIBOS VEIm ARE Arre0PBl&TEe
pqm mgnes yERRT A3D PEACE BOTTSI . ,a

: *
Cent smALzsAT s CmasosD raen 3 RantAL E! sos Ase.
4 AIIAL LAYERS 10 3 R L 81500 AaB 6 MIAL ! AYERS

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee.A.D.I.A...e eeeeeeeeeeeeeeeee.
" eeeeeeeeeeee........e.

ee ee..E.NER.AL.C.EEE TWU.T......ee....ee.e.ee..... ......ee...eees e...e eeee eeee e,ese S
.. .e ...eee.

e 11.28.901streenstag,the 8th assal sell at the top et the care
e ERAD unas. ETL7 BCVOL E2 WIrftrf

3 12 6 3 8 3
CDR00000

Cla00000 3 11 6 3 5 3
.

edjust 12 parametere 02.14.91 (JT)
e ' RCLAD DRGAP - FITCE DECAN DESS DILE

CDR00001 .006307 .0061341 .0001143 .016 .002H .0012 .10M

e CDh00001 .00630T .0041341 .0001143 .016 .002H .0012 . 22H
*

> e
e IRTTP IICRP
CCA00002 EWR Dec
e
e pCucL yoses pCEta pCgLa FLPUP
"" 6.80 0.05 . 0.30 0.15 0.M e CENGED Fret DFLT TALS 122 00

e-
-* 10.22.90 tieeos fiestem power

' * NTPCtB
e CX200004 10 1 _

(Ilh00004 101 -se
e
e WREPU W R121/ EFR2S8 EFB121 WRESI WR2CP
Coa 00005 4000.0 4000.0 4000.0 4000.0 4000.0 4000.0
e.
e ImfDER IIT232R trf5185 NTCPSS FUDER FEI21 - FSIS$ FCPsi
COR00007 1 2 2. 2- 0.2 10 10 0.0
e
e tacIJE Ekster -
CORD 0000 1.05-06 1.08 46
e
e ~ EEP5 Es1J TPFAIL CDISPN

02.14.91 (.27)* edjeettag 1A and penetrotten heat transfer coefficiente
C2300000 1300.0 1300.0 . 1273.16 10
e C1300000 b)0.0 400.0 12f3.15 1.0

.(IM00010 0.74 .
EER - Ist . ICAA. . IFE
0.18 0.00 0.0

.
., CEIJ. ELET&TitWE AND PEROSITTESe

* 1 E FOR15 PORDP
1N1E30101 0.0 1.3864 6. 0.3 '

CURB 0301 1.3064 0.5003 8. 0.3
CERIO901 2.2F57 0.9003 8. 0.3
iMME0401 3. 5 00 0.0003 9. 0.3 ,

83AB0001 ' 4.2M3 0.9303 9. 0.3 i

12830001 8.21M 0.fr77 0.99 0.3 e

1138.90 3atruenstag the 8th natal sell es the top et the sorea

12 M 0701 .S.4043 0.7s30 0.be - 0.3
(IM30001 8.2H3 0.7630 0.98 0.3
CEM 0001 7.0183 0.7430 0.98 0.3
CEME1001 T.7003 0.7820 ' O.98 0.3 '
M1101 0.8433 0.7630 0.99 0.3
EMEE1301 0.3043 0.3827 0.00 0.3 i

e
Cell. CROSS-85:f!!NAL StNNDART AREASe

, , ,

e A8(ELA
'

IIIRA0101 7.Ms-
CDeR0301' 7.37 '
CEMAD301 2.351
e .

e m uCART asAT ST wervass t

Cons 0102 33001
'CIRID302 33001 1~
cmash302 33301
(ERBDe02 33004

i.

y-
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CDa20402 3J006
CDR20402 3204 11
CDa20702 33007
Coa 24402 33004
CDA20902 33009
C0821002 33010
CDa21102 33011
e 11.28.901stroductag the 4th asial cell at the top of the core
C0821202 33012
e
CDan0102 34003
CDaa0202 36003

C0820302. 36003.. eeeeeeeeeeeeeeeeeeeeeeee. eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeee

ee eeee ..I.RER P1J5UM AND CSS INMT .... .............eeeeee e.............. ..
e

.eeeeee...eeeeeeeeeeeeeeeee
e CRD ROUSINO . ese 30TE see ALL NASS IEPUT WITH PDETRATICN INPUT
e CR OUIDE TUBE 8 (104)
e CERE SUPP(RT STRUC7Ut2 (ItTEL SUPPCRT PIECES, amE P11TE.
e AND PUEL A88aMat.Y sust FIICES)
e
e t& DEF5 1C73C ICTES
CDR10101 1 320 320 * SNER PLDUM: CRD 5m13133
CDB20101 101
CDR30101 tot
e
CDR10201 1 320 320 e LOWER Pi stMi CR OUI M TUBE 3
C0120201 102
CDR30201 102
e

CDR10301 102
CDR20301 202
CDa30301 302
e
CDR10401 102 320 320
CDR20401 202
CD8J0401 302
e

CD110501 102 320 320
CDR20501 202
CDR30601 302
*

cle10s01 1 330 320 e LOWER PLDtM CORE EUPPORT STRUC1URES
CDR20401 104
CD U0601 104
e
CDR10701 1 3M 330 e CORE
CDR20701 107
CDR30701 107
e
CDR10801 107
CDR20001 207
CIR30601 307
e
CDR10901 107
C%)a20s01 M7
G1130901 307
e
COL 11001 107
CXm21001 M7
00831001 307
e

CDR11101 107
C0821101 207
CDR31101 307
e 11.28.90 Intratuctag the 4th axial cell at the top at the cero
GIE11201 107
COR21201 207
CDR31201 307
e
e ]BWV DCL e!M$$4 M BCE j

Ctik10102 0.0 0.0 0.0 0.0 0.0 e ChD RI!EDO I

e
CIIL10202 0.0 0.0 2334.25 0.0 0.0 e m CUIM 2tIBES
CDEL202 1.E3 1.E3 2224. 1.E3 1.E3
COR30202 1.23 1.E3 407.75 1.E3 1.E3
CDR10602 0.0 0.0 4475.0 0.0 0.0 e CORE SUPPORT .|

CDR20402 1.D 1.E3 8340.0 -1.E3 1.E3 e STRUCTURES !

CDR30602 1.E3 1.53 1964.0 -1.E3 1.E3 -)
e
Q3110702 14996. 31Lt. 1077. 184.9 2339. e CCRE
QJk20702 14267. 3004. 1024. 181.4 2229.
CDR30702 4414. 928. 317. 44.0 644.5
e 11.28.901stroductag the 4th axial cell at the top of the core
e as t et la the veo cau

'

e Adjaettag 2r mees la the top cell 01.11 12. 1991 seating eith FA!
| e 01.24.91

Con 11202 0. 1.D 10744. 0.0 1189.8 e top cell
Q3R21202 0. 1.E3 102YF. 0.0 1114.8

0.0 344.28CDR31202 0, 1.E3 2143
e CxRit202 6. 1.E3 107 4. 0.0 1.E3 e sep ceu
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e CER21202 0, 1.E3 10237 0.0 1.83
e CDRJ1202 0. 1.E3 3163. 6.0 1.E3

TOP OUTDE IWCLtmED YtTE A11AL LEYEL 12 87E21. NASS*
eeld TUP CUIM 1sCL10ED V111 AZIAL 1 EVE 1,118322. Miss

'
e
e 11.19.90 timeo: TFV, TUL T38 eriginally 644.0
e TFU Ttt TES TC8
COR10103 &&4.0 644.0 544.0 554.0 e CR0 ti175fM
COR10203 864.0 544.0 564.0 884.0 e CR QUIM l*!BES
CDR10403 H4.0 544.0 544.0 H8.0 e CUAE SUPPORT STRUr!URES
M 0703 564.0 H4.0 564 .0 544.0 * CCRE
e
e !EYCL !EYS8 IEYDP ISTCBC EEYCES
ODR10104 1.0 1.0 0.0254 1.0 1.0 e CED E0U9130
CDR10204 1,0 0.3 0.0254 1.0 1.0 e CR GUTIE TURES
CDR10404 1.0 0.18 0.0".54 1.0 1.0 * COM SUPPORT STRUCTURES
CDR10704 0.005 0.003 0.0254 0.005 0.003 * CERE
e
e ASCELA A71.DWC AFLDW3
COR10105 12.70 7.644 0.0 e CRD ROUSTNG
COR20108 17.75 7.287 0.0
CDA30104 19.04 2.251 0.0
e
CDR10206 9.41 7.344 0.0 * CR GUltE TURES
COR20206 13.43 7.001 0.0

14.41 2.163 0.0COA 30206

COR10406 2.72 4.8171 0.0 e COM SUPPORT STRUCTURES
COR20406 3.80 4.3992 0.0
mains 06 4.00 1.3492 0.0
e
CDR10708 7.47 3.53775 1.044 e COM
COR20705 10.44 3.3704 1.0176
CDR30704 11.20 1.0414 0.3144
e
e AS7U ASCL A383 43C5
CORJ0104 0.0 0.0 0.0 0.0 e C3D 50U51M
e

CDR10204 0.0 0.0 141.e4 p.0 e CR OUIM Tuats
CDR.20204 1.E3 1.E3 134.98 4.23
CDSJ0204 1.E3 1.D 41.7 1.D
e

CORA0 doi 0.0 0.0 64.78 0.0 * CORE EUPPtRT STRUCTUUS
CDR20404 1.E3 1.D 63.4 1.E3
CDI.30604 1.D 1.E3 19.65 1.E3
e
CDR10704 820.4 539.2 203.4 138.9 e CORE
CDR20704 800.7 409.0 193.9 132.3

eeeeeeeeeeeeeeeeee.. 40.e9
184.2 59.9

CD.R30704..e e e ee.7
154

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee .. e

e. e.eee..ER R.EAD.trPU.T .eeeeee.... een..........ees......e.eeeeeeeeeeeeeeeeeee
* LOV

... ee ee ..
e timeo 541 to 544.0
e las 131 DG.E TL3 ASL5 ICVLI ICYCAT
* edfustlag ease of LE 02.14.91 (JV)
CORLkD01 1 1 3.34E04 648.0 7.644 320 100
CDALID02 2 2 3,18E04 M4.0 7.287 3"J3 100
CORLAD03 3 3 0. tee 04 544.0 2.261 320 100
* CERLED01 1 1 13870.0 548.0 7.648 320 100
. CDRLED02 2 2 1J025.0 548.0 7.287 33) 100
e rN n1 3 3 4024.0 644.0 2.251 320 100
ee eeeeeeeeeee eeee e eeeeeeee eeee eeeeeeee eeeeeeeeee eeeee eeee eeee eeeeeeeeeeeeeeeeee

1Dnta NEAD PEztTRATIONS IIPUTe
seeeeeeeeee....eeeeeeeeeeee... ee. eeeeeeeeee > >... e...e.e...e ee....eeeeee eee.
e ALL PEEEnATIDES AAE CRD MRTSINGS AND 31UE TURES
e GIIMERIC 71 LUES AAE ESTIMATES
e inattal LP penetratten diameter s from 0.1 :r to 0.223 m (0.039 m2)
e IPEREF IBP IMP 5 TFW ASPN AIPE INLPW
e adjustlag sa. sees. 57 coefficiente, areas of petratisms 02.14.91 (JT)
e ASSUNIBG A CurTRCE. AID GVIM TUBE TWICINESS ur 7.54E.3 metere
CDAPEN01 1 1 87.0 540.0 1.11 3.26E.2 0.223
CDRPINO2 1 2 87.0 548.0 1.11 3.255 2 0.223
CORPE303 1 3 87.0 644.0 1.11 3.25E.1 0.223
e CIRPTE01 1 1 940.0 544.0 24.43 0 .57 5 0.223
* CCEPts02 1 2 896.5 544.0 23.28 0.544 0.223
* CDRPENO3 1 3 7F 8.7 544.0 7.19 0.160 0.223
e
e DTDI DKI>EL INNT . Vt11M213LET SPEC 171 CAT 10st
e
e C7 BCURCE
CDET!1900 320 3 20 *LOWTA PtIWON. LOVER P1J3 Rat
CDATI301 330 320 *BfPASS. LDWIR PLENUM
CDRTIS02 340 320 eCGG. LERIER MZstM
e
e CAK!rft2 marrs FLIN P&TE . BUT CURRENTL7 USED
e

eFL39100 'CA3 merens 340 330 f.39$3 7.39g3
erL39101 0.1319 1.0 0.0 e INITI ALLY (2.DSED
eFL39102 3 e 30R.t20rTA1, Ft m PATE
*fL39103 S.0 5.0
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eFL39180 0.1319 1.0 0.4511
. AccED TALVE Asp W 15 CASE VE WAff TO OPEN TES UFi 6

ees
' ese MD 9/10/M
. *F1391VO 41 148 148

e
act00100 'CA5 FAIL TEMIE' T.O.F 1 1. O.

.CF00103 .1.39 1.34
eC708110 1. 4. m.11NF.33007 1
e
e itald STEAft List 3REACE FIN FAT 8 - BUT CURAEELY USED

L

e
*FL39000 'usL SSEACE' 380 100 18.73 18.73
*FL3ee01 0.1319 1.0 0.0 e 15ITIA12.Y CLDEED

*FL3ee02 3 e mafwfAL F12 FATE
eF1Jse03 8.0 5.0
=FIJsseo 0.1319 1.0 0.4411

ADDED TALM AED CF 15 CAN VE VA57 TO OPEN T515 UF**
we MD 9/10/06
eFL38890 32 146 144

100 '185L FAIL 'TWESE' T.O.F i 1. O.

.CF00'203 1.M 1.88
+CFM210 1. O. W.TIMP.36002 1
e
e TESSEL DREACE INPUT
e
* Salttal breach area is 0.039 m2.12.13.90 (originally 0.01 m2)
FL39900 'vEssIL anEA G' 320 100 0.0 0. 22H
FL30e01 0.030 0.22M 0.0 e INITIALLY CLDSID
PL39002 3 e EDAt20irrAL FLOW FATE

PL39903 1.0 1.0
F1.399eo 0.038 0 2264 0.1128
PL399VO 1 130 130-

tattial breach area le 0.039 m2.12.13.90 (originally 0.01 m2)
CF13000 - 'TEssEL saEACE' DIY1EE 2 1.0 0.0
CF13010 0.0 0.039 Cth-AbhCE
CF13011 1.0 0.0 COR.ABRCE
e
e Pim SLOCEACE 15FUT
e
CF09100 'FLAREA.1' NIS 2 1.0 0.0
CF09110 0.0 2.18244 COR.AFutIW 103.111
209111 1.0 0.0 GR.AF1JII5.103.111
e
G 09200 'FLARIA.2' NIX 2 1.0 0.0
009210 0.0 2.0T M9 CCR. ArtJt!5.203.211
G09211 1.0 0.0 c a.ArutIN.203.211

509300 'FLAAAA.3' NIE 2' 1.0' O.0
CF06110 0.0 0.64248 COR.AFLN!5.303.311
W O9311 1 0 0.0 OR.AP1Jt15.303.311
e
CF09400 'FLAREA.T' ADD 3 1.0 0.0
CF0M10 1.0 0.0 CFTALD.091 .
CFOM11' 1.0 0.0 - CFV ALD.092
CFOM12 1.0 0.0 CFTALO 003
e Time 0 Areo care blockmae. 11.02.90
e CF09900 'ThAC. AREA' D1 FIDE 2 1.0 0.0
e CF09602 3 0.03 0.81744
e CF00610 0.0 T.M2s CFTALU.094
o CF09611 '1.0 0.0 CFTALO.0 H
e F1324TO 1 M.M e CF F0E FLOW SLDW AGE
o
eeeeeeeeeeeeeeeeee ~esseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
eeeeeeeeee...e eee. eeeeee.....e ..ee. .. es...eee eeeeeee. eee.....e.e....eeeeee
e*

M..cAf MAT. PACIAsteeeee.eeeeee...ee.....ee...eeeeeeeeeee...see.................... eeeeeee
." SPECIFT & WE
DCM EACTtm ~ NWL

N T REA 70 28200 SE * .470.0 MIE.
M er.CTM S.WTDON TDet

e
T TD Or M == . F.=e

* STATION ELACEDUT CALGJLAT13
~
- ea.wr 0 . =0.0 e =&mt m.T 19 it. >

,

SE:NBWT C 100.0
e

1EFUT NAdCW 1tffAL DECAT MAT DATAe
e AS TAsuLAR FUNCTION TFOTT
e

Tapp14a FugCT!W T7077 CITES DECAT EEAT AS A FRACT!tEle
C# TW3 BIAL FthfER AT SETTECW315 TDIE SINCE SEUTDCWWe

e
M (EICIEL 3DURCE FtB 1W EEFAULT DECAT REAT DATAe
II MARCCE IS BRIC EASE 15'8 SAS14.tRIGE5 WB C3e

e
M sciutaLZEED DECAT POWER CURTE VAS GRANGE 10 MATCE TRATe
W TE LASAL12 Calm 1ATICE DE 10.TF-87 ST CJ8.e

e
TERIBIAL POWER AT Mtfft0WW = 3283 seie
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e Total peeer . 4ecay ($ 1 ) = 3293.r ene
10.24.90 . w , sie.or eies. , ee

.94=30 98.4 2
e 1 see saep. 11.04.90
e 15 sec roep, 11.18.90, sane, later uncovery ...
CF00000 CDRE-POWER TAB-PVE 1 1.0 0.0
CF0ee03 08
CFCae101.0 0.0 TDE
TF0ee00 CohE-Pcarta 41.0 0.0
e reduced peser 11.10.90 to 2000 NYt. Core unceeered ...
TF00611 0.0 0.0 1.0 3096.42ED8 100.0 Mts.42E04 100.1 0.0
e
e
CCMD10 0V 17.??
TF07700 ' DECAY REAT' 44 3293.0504 0.0
e
e TDtE BINCE CEC 17 EEAT
e SaffDOVE (FRACTIts sitrIDOWE
e TERMAL POVE1)
TF07711 0.00000E+C0 6.00000E42
1707712 1.00000E+00 S.71500E-02
T707713 1.60000E+00 8.54200E 02
TF07714 2.00000E*00 5.43700E42
TF07718 3.00000E 00 8.20400E-02
TF07718 4.00000E+00 5.04000E-42
TF07717 8.00000E+00 4.00700E-02
TF07718 8.00000E*00 4.819005 02
TF07719 1.00000E+01 4.47300E-02
TF07720 1.60000E+01 4.20600E 02
TF07721 2.00000E+01 4.01500E-02
TF07722 3.00000Ee01 3.75400E42
7707723 4.00000E+01 3.57200E-02
T707724 S.00000E+01 3.31300E-02
TF07725 S.00000E+01 3.13700E-02
TF07726 1.00000E+02 3.000001-02
TT07727 1.80000E*02 2.77700E42
TF07728 2.00000Ee02 2.41900E-02
TF07729 a.00000E+02 2.4280CE42
TF07730 4.00000E.02 2.29300E-02
1707731 8.00000E*02 2.10200E-02
TF07732 8.@)o00E+02 1.96500E-02
7707733 1.00000Ee03 1.65900E42 i

ITF07734 1.80000E+03 4.64200E-02
TF07735 2.00000E+03 1.52200E-02
T707736 3.00000E+03 1.36400E-02

:TTC7737 4.00000E+03 1.23600E-02
|T707738 8.00000E*03 1.04700E-02

TF07739 8.00000E*03 9.81800E-03
TF07740 1.00000E+04 9.15200E43
TF07741 1.50000E+04 S.19300E-03
1707742 2.00000E+04 7.51200E 03
TF07743 3.00000E+04 4.76400E-03

04 6.23200E-03
4.00000E+04

TF07744
8.00000E 5.48400E-031707746

TF07744 a.00000E+04 5.03000E-03
TF07747 1.00000E*06 4.45300E43
TF07744 1.60000E+06 4.141001 4 3
TF07749 2.00000E+06 3.74900E43
TF07750 3.00000Ee06 3.27500E43
TF07751 4.00000E+05 2.94000K43
TF07752 8.00000E+06 2.448001 4 3
17077&3 8.00006E.06 2.14700E-03
T707764 1.00000E+08 1 971005 03
* END (F DECAT EEAT TABLE
e....e eeee eeee eeee eeee ee ee eee e e e e e ee e e .... eee e eee ee ee e eee +eee eee e eeee e ee e...e ee
.................................................................eeeeeeeeeeeee.

+ee TRAssF.ER P.ROCESS..P.ACKACE..IEPUT...... ....eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee.eeeeeee.. ... ..... ..... ee...
* '!N' TBAssTER PSD ESS Fim CERE PAC: ACE
e istEIN FfERM
TPIM10100 $ 9
TPI510200 8 9

e 'G7F* TEARITER PROCESS FDR FDT PACKACE
e EMSOT EPUTC! 10TNTI
TP0710100 5 101 UIN.103
TPUT10200 5 10 2 ICF.1
e

COE.-CAT TRA. RELATION MATRII
e

.. my'E e . CasTRIX. P01305 NAss 18 NUr COB 1Es7EDe
e snar 3:QL
TPM1030000 5 4
e EROV/NCIL TALUE
TPN1030001 1/1 1.0 . U02 MA38
T7M1030002 2/2 1.0 e EkO2 mas $
T7N1030003 3/3 1.0 * STEIL MA38
TPM1030004 4/4 1.0 e 21 KASS

6/6 1.0 e STIEL CIIDE NA23
T.PM1030006
e TAssrra Psa:Ess Ism . mADIcso:L!ct nas:
e sMsts ersan
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TPipe0100 18 1

TF1980300 16 1

e StSUT MI !@DETE
TPms0100 Se 801 DEF.1
TPUfe0300 to 802 prf .1

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee.........seeee.........eeeeee .
e** CA?!TT PACKAGE INNTT
e LaSalle deck free seedle has a more updated verstem of Caf!TY medal
e use 1g for Ps later... 12.12.00 1J
e Properties este adjseted te NAAP 12.12.90: CA C4 C2 C1

e C5ecta0.047.C3eeeeeeeeeeees eeeeeeeeeeeeeeeeeeeeee**eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
He Ctartes. Tala E puMnEn

100 'Caf!TT l'
CAT 0000 .ig. u.a.se.e e-rete .m tre. ,- <mgog.
CATDJC1 FE .138
e 02.11.91 eriginal cespeelstem with FA! modifications
e CAV0000 508574 2 e PTACE 3071D0 CONChr.TE
o Caf00C1 AL203 0.034 e FnoM R.M.RAAAIWC1W PRESENTiftof
* CAV00C2 CAO 0.313 * APLIt. 29. 1984. 'DTEER* 1NCLUDED
e CAV00C3 002 0.212 * WITE AL203
e CAV00C4 8102 0.354 e modif ted se MAAP 12.12.90
e CAT 00CS 32MTAP 0.033
e CAVOCCG R200NI 0.014
* CAV00C7 FE- .135
e
CA100CA TABLCT 1800.
CAV00CB TIsCT 300.
CA100CC EMISCT .6
CA100CD DENSCT 2340.
CAV00CE TSEA.T 1890.*

CAV00CF TL14CT 1875.
e
e carity seemetry
CAv0000 Conc 05 2 * FLAT BOTTm CYLINDER
e
e RAYS 30 2D
Caf0001 34 0.0 1.
* MAAP datat saly hedius med belght were acdified 12.11.90
e 27 BAD RIT RADC W she 300T BCIIR8
e .ff, tac reapaasted incluelen of 1/6 et dryve11 fleer. 4.10.91
CAV0002. 2. 4.194 8.235 0.1 7.0 1.524 25 3
* CAV0002 2. 3.047 8.228 0.1 7.0 1.524 28 3
e Cav0002 2. 2.04 .457 0.1 7.0 1.524 25 3
* BEITRA REITRA ZEITRA
CAV00CA 40 8.4428 1.99
CAV000m 20 4.4428 0. t

CAV00TP 101
CAT 0001 SMISS.01 0.5
CAV0002 EMISS. NET 0.6
CAV0003 EMISS .WR 0.8
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
...eeeeeeeee...........eeeeeeeeeee. eeeeeeee. e ..eeeeeeeeeeeeee......eee .

e eeeeeeeeeeee.. INPUT
H. FDI PACEACE

ee eeee......ee e....eee eeeeeeeeeee. ee eeee...eeeee ees......e
e CT CAT TPit TPOUT
eFDIO100 100 0 102 10 1
e <

e ISOT 210P
0.

eFD10102 ... 9.083eeeeeeeee ...eee eeee eeee ee...... ee....e eeee eee ee ee ee.o oee e e ee. .. eeee ee
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
eee EURN P&2&GE INPUT
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesseeeeeeeeee
3U3000 0
* 2E1165 IC0!GE 35215f 2C0!CT 20210 EMSCIG
e902001
* ebengtag after the meeting with FA! em 02.08.91 (BEL): JT

' * no iguters after suo... *
* CVWUM IGNTE CDDI TFaac
308101 401 0 17.6 .8
W8102 402 0 11.2 .6
EUR103 403 0 17.3 .6
WR104 404 0 13.3 .5
WR106 404 0 19.2 .5 7

NB108 404 0 13.5 .5
WR107 407 0 16.9 .5
WR100 ' ese 0 31,4 .5
WR109 409 0 63.0 .6
* 3U8101 401 1 17.4 .5
e EUR102 402 1 11.2 .5
* But103 403 1 17.3 .8
e WUE104 404 1 13.3 .8
* EUE105 408 1 19.2 .8
e W 1106 dos 1 13.5 .5
* 50R107 407 1 18.9 .5

-e EUE104 tot 1 31.4 .8

.....e... 40e . 1 .. a3.0e..... ees.... e..e...e.ee e.e..... ee...........ee. ..e sum 10e
. e
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eeeeeeeeeee..eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee**eseo

es e e.R.AD.I.O.50t11tlE.F..ACEAG.E. .INFUT
ese

. .eeeeee ... . .eeeeeeeeee... eeaeseeeeeee.ooeeeeeeeeeeeeeeeee.
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee...eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
e SW 4/15/04 . USE DEF1DLT R1DIQFJC11IES Ft.US CSI CLASS # 14
e
CCIDEFCLa0 ALJ.
e
e CB1 CE.A38
DCENDt0100 C1 10E-4
DCEND10101 0. 4.3807E8 6.12 8.4913E5 81.2 4.6453E8 412. 3.2606El
DCENTM0102 3400. 2.2395E3 7200. 1.72M ES 14400 1.1438E8 34000. .70876E8
DCBC2.80100 CSI
DCB 180181 C1
e

DCM15NENBt 7E5
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
RE1000 0
R8100151 to 1413 0 0
281100 1.0E 6 50.5-4 1000.
e
e 03.01.91 JT
REFF000 2

eR*!*F.A.C.U.E.F.F DAT.......ee e eeeeeeeeeee eeee eeee eee eeee eeee eeee eeee eeee eeeeee e e e.++ee.. . ee

MCFDE 5 1.0000b06 8.0000E-08 1.0000Ee03
R5CF77 1.0000b05 2.0000Ee07 2.7300Ee02 2.0000Ee03
MCF001 1.J1ME43 4. 5704E45 1.40108 43 3.1139E-08 8.8671E-05
B#CF002 3.3591E43 2.3437E-02 1.1002002 3.4453E-02 8.2611E-03
kSCF003 2.07048-02 7.1844 002 1.1065E42 1.7239002 4.4472E42
RNCF004 1. 5547E41 9.4779E42 3.7445bO2 0.4339E-02 2.1376E42
RNCF005 8.2544E-02 1.85715 4 1 2.1614E-02 4.2507E42 1.3262b01
McF004 3.99F ebc1 9.20ME-02 4.8294E-02 7.7244E-02 1.0000E-01
RNCF007 3.4325E-01 9.7787E-02 3.7490 E-02 2.13795 4 2 2.1415E-02
RNCFOO4 9.5M0E42 4.26&3E-02 4.2004bc2 1.9007E-iO 1 1.32810 01
RECF009 4.0707E41 1.0059E-11 4.3423E-09 8.4610E-05 7.78078 12
RNCF010 4.9788E-09 3.6412LO4 3.4583E 12 4.1547E-09 1.7920E43
RNCF011 1.5806E-12 3.7259E49 8.47121 43 7.092 & l3 3.5163E-09
RsCM12 d 0293E-02 2.4117Ee09 5.1547Ee06 1.0886Ee08 2.284 tee 07
BaCF013 5.6715Ee09 1.23073 09 2.8185E.00 5.5128Ee07 1.1564Ee07
B5CF014 1.0690E-03 2.3009E 05 5.1850E44 8.4833E47 2.34608-05
RNCF015 9.3519E44 3.0642E-02 6.4174E-03 1.1491bO2 2.39075-03
RNCF018 5.4290E43 1.90988-02 1.7873E43 3.3375E-03 1.04075-02
UC7017 4.1005E-02 2.0290E 01 3. 5834E42 3.9735E-02 9.4843b43
M CF018 1.8697E42 5.3047E-02 4.5294E43 9.7530E43 3.4476002
RECF019 1.1019 b01 2.726eE-01 2.9951E-02 2.3581E-02 4.4MEE-02
kNCF020 9.4se0E-02 2.0397E-01 3.5640E 02 9.4&B6E.03 4.5297E43
MCF021 4.0252E-02 1.87213 4 2 0.7544E43 5.4422E-02 3.4924E-02
McF022 1.1218E-01 7.4037E 11 4.2289E-04 4.4019E-05 2.3049b 11
RsCF023 3.s14eE4e 1.4474E44 8.5045E-12 2.917tbO8 5.8706E44
RNCF024 3.4739 b 12 2.2514 000 2.5421E43 1.5020E-12 1.74aaE48
RsCF025 1.1577 bot 1.6779Ee09 4.3003Ee06 1.0102E*08 2.2115Eo07
McM28 3.2359Ee09 9.3301Ee00 2.3000 Ee00 5.2099bO7 1.1218Ee07
RNCF027 2.4442E-03 1.30321 4 4 3.05221 4 3 1.0443E45 1.53332 04
McF028 4.8955E-03 5.7418E 02 3.3716E42 6.9041E-02 2.960st-02
RNCF029 4.8288E-02 1.08F7E-01 4.1140E 02 4.9681E 02 8.2112bO2
EsCF030 2.0506E41 2.0771E-01 1.0100E41 2.0964E-01 7.1334E-02
RECF031 1.2951E-01 3.0400E-01 7. 9294E-02 1.0757 bot 2.1503E-01
RBCF032 5.2917E-01 1.7301E.01 1.3223E41 1.64545-01 2.4790b01
RsCF033 4.3642E-01 2.1013L01 1.0113E-01 7.1345E42 7.9284L42
tsCF034 2.1270E-01 1.2M9E41 1.07548-01 3.0493E-01 2.1535E-01
RsCF035 5.38428 31 1.6144L11 1.8771 b 11 7.6754E45 7.380 5 12
RNCF034 1.4714L11 3.6496E-04 3.3745E-12 1.M47L11 1.7 HEE-03
RNC7037' 1.5431b 12 1.8575E-11 8.3892E43 7.0M3L13 1.6670E-11
RBCFQ38 4.0114E-02 2.5090E+09 5.2477Ee08 1.097EEe08 2.2952Ee07
RNCm39 8.04298 00 1.1682E 09 2.M23b06 5.54442 07 1.1000 bC7
asCF040 9.302SE-04 3.2830 0 05 7.40ME44 1.9923E 08 3.5980E-05
RsCF041 1.1784E43 2.3844L02 S.73385-03 1.sts0E-02 5.5954E-03
asCF042 9. 83D4E43 2.5797E.01 5.9960E43 7.M43E 03 1.81270 02
SNCF043 4.3698LC2 1.2839E41 3.3286E.02 5.5121E-02 1.5M4E-02
RECM64 2.94930 02 7.3077E-02 1.3027L02 1.973 5 02 4.7357bO2
RSCF045 1.3334E-01 1.52ME-01 3.9642L02 3.teceE-02 6.0204E-02
tsCF044 1.1019E-01 1.2932001 3.3296 bO2 1.5454E-02 1.30275-02
SACFD47 5.5442E-02 2.96322 42 1.9734E-02 7.4264E.02 4.7424E-02 l
RNCF044 1.3259 b01 3.2845E-11 8.3990b 11 2.1314L05 1.498 & 11 '

RNCF049 8.19975 11 1.0lME44 8.M14E-12 0.10? & 11 4.M47E44
RNCF050 3.126&E-12 4.04450 11 2.33015 4 3 1.4293E-12 6.04400 11
RSCF051 1.1091002 2.5044E.09 5.2434 boa 1.0971E*04 2.2H8E 07
RsCF052 0.0457Ee09 1.2644b09 2.6607 bot 5.5M3bO7 1 1599bC7
e
eEEF(P0t1, 3CFFRRIBO INFU7) FtB FL382 8 FLO20
e

i

R22FtS01 362 0.005 1.0 0.20 1.14 1

RS2FL502 020 0.005 1.0 0.20 1.16
I*

eCATITY Pott SCM7BE130

RS2FL803 10t4 0.006 1.0 0.20 1.14
.

AfCL30100 16
85CL30101 21.0 .C5

|
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f; escLa0102 4 0.5 *12
e-
e FUEL 1sTMrTDh!ES
*

asFF000 1 e CCasca s/ S/V RAU D .

e
* RADIAL 81M 1
e

asFPW10700 1
teFP9107010 .177 .534
e
337P010000 1
asFPs10001 0 .230 .5M
e
asFPS10000 1
RsFPW100010 .230 .834
e
asFPs11000 1
asFPs11001 0 .222 .5M ,

e e

AsFPW11100 1
asFPs11101 0 .141 .SM -
e 11.2s.301stroductag the 6th antal seu at the top of the care
e AsFPS11200 f
AsFP811201 0 0.0 0.0 *.'e
e. R& DIAL RIM 2

'. e
kBFPs20700 1

. asFPs20701 0 .1M .410
f- e

AsFPs20a00 1
ABFPS200010 .230 .420

t. e

asFPs20900 1
tsFFs20001 0 ,230 .420
e
AsFPs21000 1
tsFPS21001 0 .222 .420
e
85 fps 21100 1
RsFPt211010 141.430
e 11.28.90 latroductag the 4th antal cell et the top of the sore
e asFPs21100 1 ,

Rs7Ps21201 0 0.0 0.0
e
e BADIAL $150 3

- e
REFP530700 1-
REFPs30701 0 .177 .046 ,

tsFPs30e00 1 #

tsFPs30001 0 .230 .044
e

AsFPID0000 1
tsFPs30901 0 '230 .044.

e
hsFP531000 1

. 3sFPs31001 0 .222 .048 a

- e
hsFPs11100 1
herPE11101 0 .141 .044

ie 11.20.001stradustag the 4th natal eau et the top of the care
e RWPs31300 1-

'

. REFPs31291 0 0.0 .0
e
e S&P RAD 1tNIUCLIDES

, e ,

e SADIAL hise 1 ,

e

'as0AP10700 1873.
*

astaP1070! 2 .06 - 1.0 eCE s '
<

AsseP10702 4 .017 1.0 el
As0&P10703 1.03 1.0 *If.
Esa4P10704 8 .0001 1.0 ott-

'

asG4P10704 3 .000001 1.0 *BA.8E -- [. p

8804P10000 1173.
Ese&P10001 3071. ' 1.
e
asGAP10000 1173.
35 GAP 10901 107 1. 1.
e
betaP11000 1873.
BeGaP31001 107 1. 1.
e
RM apt 1100 1173.
asGAP11101 107 1. 1.
* 11.28.801streepstag the 6th asial tell at the top of the core

. tstaP11200 1173.
asGAP11201 2 .0 1.0 *CE
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' e take as sett11ag area, regnared by be package ]
4 30 22.263 22.0 * MV.ENT :ResE1011

eeeeeeeeee . 420
-

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee. q

e e PLOf 94RiastJs pts M C1485EE IN Vt!VELL 4 5571302E3T
ee eeee eeee eeee eeee eeeeeeee eeeeeeeeeeee eee e e eee eee eeee eee e eeee e...eeee eeee e eeees
Ws0100 30 200 300&LS 1- 1. O.
CF80110 1. 8. BE1.CTt1T.1 2.200
e i

W s0200. C8 300 EWALS 1 1. 9. 1

W50210 . 1. O. M 1.CTCLT.2 2.200 j

3 90300 B&.200 ENA1A ' 1 1. . O.
W90310 1. O. M1.CM17 3 2.200 ',

1e
Weoe00 1 200 ggo&IA 't 1. 6.
W90410 1. O. 231.CTt2.7 4 2.200 j
e
CFs0000 75 200 REUALS 1 1. 4.
Ws0610 1. 4. M1.CTCLT.S.2.200 'J
e
CF90000 Ct.200 BWALS 1 1. O. o'

). s CF90610 1. O. BEI.CMI.T.18 2.200
i: , e

W 91100 30 410 RWALS 1 1. O.
W91110 1. O. as t-CMLT.1 2.410
e

W 91200 CS.410 300&LS 1 1. O.
'

291210 1. O. Sal.CVCLT.2 2.410
e

W 91300 34 410 EDUALS 1 1. O.
W91310 1. 9. 381.CTCLT.3 2.410
e

CF91400 1 410 ROUALS 1 1. O.
CF91410 1. O. RE1.CTQ.T.4 2.410
e

CF91500 75 410 SWALS 1 1. 4.
CF91610 1. O. RE1.CTCLT.5 2.410
e
CF91000 Cf.410 BWALS 1 1. O.
W91810 1. O. BE1.CTQ,T.16 2.410 ;

*e-
W 92100 50 100 EgDALS 11. O.
CP92110 1. O. SW1.CTCLT.1 2.100
e

W9220 CS-100 EWALS 1 1. O. ,'C
CF92210 1. O. BSt CM1T.2 2.100 'e

# 92200 34 100 SEU41J 1 1. 6. ,

CF92310 1. O. RE1.CTQ.T.3 2.100 ' -

e

W 92800 TE.100 BWALS 1 1. O.
W 92810 1. O. 381.CTCLT.S 2.100
. .

-

W 92400 !.100 SQUAIJ 1 1. 4.
CF92410 - 1. O. RE1.CTCLT.4 2.100
e

CF92000 C1 100 SOUALS 1 1. O.
W92810 1. O. 351.CTCLT.14 2.100
e

.

. eeeeeeeeee...e eeee eeeeeeeeee.....ee++.eeeeeeeeeee eeeeeeeeeeeeeeeeeeee eeee eeeee.
.. .......... ..... ..........eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

e"een&TERIAL PRWEEFIES P. ACE 44E
It

e eeneen ....eu. .eeeneseeeeueeeeeeueeeeeeeeenneeeeneeeeeeneeee. -
eee Property Dmite
...
He temperature I
e++ . essesty 3 .,

*ee* best cepeetty J .E

eeeeeeeeeeeeeee .s.s...l.c.easheettvity Wh E
e*+ . the e

............ .eeeeeeeeeeeeeeeeee.......eeeeeeeeeeeeee. ;
e*e Noterial 2 se senereto I
ee. .>
88184100200 tXBEarrt ;

eee ,

'

- 1548&100201 . PnWest? Tea FUsc
en -

am . 4
. 19444700302 WS 5 -

!
19984100 2 3 TW: S
ne

Density et cancrete- e+e
ne

'tEl Cout3ttrE' - 2 1.00 0.0
}. T.F.00400e

c ... tuesa& Tons as0
-TF00412- 200.00- 2822.00
TF004L2 8000.00' 2822.80

. eee . .

, Beat sepacity at sancreteese '

. .ee

TF00e00 ..CFs concasts' '2 1.00 0.0 -

' ''
ne

.
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. ce ,et. ,, g e go muFg2.12.90,
*

TF00412 200.00 M3.0
WOO 513 0000.00 903.0
e TF00512 200.00 1799.97
e TF00513 5000.00 1299.97
eee
see Thermal semanettetty of een, rete
see
W00000 'TE CGREETE' 2 1.00 0.0
ees
eee TW WERATURE inc

' W00812 200.0e 1.524 -
W00813 5000.f4 1.524
ee eeee eeee eeee eeeeeeee eeee eeee eeee eeee eeeeeeee..ee eeeeeeeeeeee eee eeeee eeeeeeeee.
eee Material 3 se carten eteel

.een
MPNA100300 aCARADE STEEL'
eee
ese P9fFERTY TAS FLNC
ee
leWA100301 anc 7
1544100302 CPS S

NPE4100M3 TEC 9
ene

Damatty of carben eteelee. '
ee. -
TF00700 ' RED Cama 05 STEIL' 2 1.00 0.0
ese
see TgMPEng1gnE . AE
TF00712 273.15 . 7833.0
TF00713 5000.00 . 7633.0
ese

Beat capacity of carben steelee
ee.
W00000 'CFS CAA905 STEEL' 2 1.00 0.0
ese
ese TDEFERATURE CPS

.TF00412 273.15 445.0 ,
TF00413 3000.00 445.0
ese

Thermal sendmettest of serben eteetese
..e

TF00900 'T E Cana05 STEEL' 10 1.00, 0.0
eee
**e TEMPERATURE TEC
WOO 910 273.15 55.0
7F00911 373.15 52.0
7F00912 473.15 48.0
TF00913 573.15 45.0 '
WOO 914 873.15 42.0
N 00815 873.15 35.0
TF00915 1073.15 31.0
TF00917 1273.15 20.0

'
i

TF00918 1473.15 31.0
WOO 913 9F73.15 31.0
eee

?
IWWA100000 EIRCal#f
e

MPN&100001 EN 82 '

frM&100002 W 43
19 4&100580 ET '2000.0
e 01.15.91 W : unittag temperature 2100 E, senaltivity. Sembe5 la (ElBE ,

'

e IWMAT00500 ET 2100.0 ,
e

'

TF00200 EEIBC 17 1.0
TF00211 200.0 6.
1FnB212 400.0 21915.

'TF00213 840.0 105110.
0WOS214 ' 1000.0 253980.

1F08215 1093.0 305275.5
1708214 1113.0 W4195.5
TF00217 1133.0 '2as245.5 ,

TF00214 1153.0 301885.5
TF00219 1173.0 318935.5 .
1700230 1193.0 33W 95.5
TF00221 1213.0 348485.5
1F08222 1233.0 357585.5
TF00233 1948.0 383753.
WOS224 2005.0 ' 046353. )TF00225 2600.0 809485.
TF00226 2000.01 1034485 1

TF00227 3588.0 142 EMS.
e

2F08300 TEIRC 17 1.0
e
TF04311 0. 300.0
TF08312 21915. 400.0
TFOR313 '105110. 440.0 |

TF0a314 263980. 1000.0 |
W04415 205275.5 1093.0
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1 WOMid 770196.8 1113.0
TF04317 200246.6 1131.0
TFOS310 301446.6 11M.0
7F06310 314934.5 1173.0
TF00320 3327M.5 1193.0
TF04321 344488.5 1213.0
TF00322 307 MS.S 1233.0

' TF00323 383753. 1744.0
TF00324 804363. 20M.0
7704325 309485. 2000.0
TF04324 . 1034486. 2600.01
TF08327 1426363. 3698.0
e
e 4.12 91 Metag conta1amest 11aar gap and centrote sedel
e J7 a 12. addittenal metes for air ese rescrete
tretA714000 8411'
MPetA710001 RE 48
prel4710002 CPS 44
TF04400 CF12 2 1.0

- TF04411 273.15 1000.0
TF04412 5000.0 1000.0
* ,

TF04600 REA! 2 1.0
TF04411 273.15 1.1
7704412 8000.0 1.1
e
ar9tA100700 'ORAN70M DIOKIDE'
MP914f00701 EAE 72
MPHAT00702 Tle' 73
fretA100703 CPS 71
MPMA700700 IILT 2o00.0
e

TF07200 3U02 31 1.0
TF07211 300.0 33143.
TF07212 400.0 88419.
7707213 500.0 86443.
TF07214 000.0 114434.
TF07215 700.0 144267
TF07216 000.0 174617.
W O7217 900.0 205204.
TF07214 1000.0 234492.
TF07219 1100.0 288000.
TF07220 1200.0 300023.
TF07221 1300.0 332309.
TF07222 1400.0 344 M7.
TF07223 1800.0 397F73.
TF07224 1800.0 431444.
TF07226 1700.0 444M 2.
TF07226 1800.0 500244.
TF07227 1900.0 534MS.
WO7220 2000.0 $72782.
1707229 2100.0 011064.
W O7230 2200.0 441111.
7707231 2300.0 663278.

~ 1707232 2000.0 737927.
TF07213 2000.0 784440.
T707234 2000.0- 836232.
7707236 2700.0 '490664.
TF07234 2300.0 M90M.
TF07237 2e00.01 1223094.
TF07238 2900.0 1286904.

' TF07239 3000.0 1353422.
1707240 3113.0 1435764.
TF07241 3613.0 183s964.
e
TF0F300 TUR2 31' 1.0
WO7311 23143. 300.0

- TF07312 88419. 400.0
TF07313 86es3. 600.0
T707314 114430, 000.0
TF07318 144287 700.0
TF07316 174417. 800.0
TF07317 2042M. 800.0
WO7314 336492. 1000.0-
1707319 280000. 1100.0
TF07330 300023. 1200.0
7707321 332300. 1300.0 1

-TF07322 3e4M7. 1400.0 i

TF07323 3rff73. 1900.0
'

TF07324 4314M . 1800.0 |
TF07335 486002. 1700.0 1

1707324 800284. 1900.0 i

WO7327 53&MS. 1900.0 ' '

Wu?320 872702. 2000.0 |
TF07329 811064. 2100.0 )
TF07330 $$1111. 2200.0
TF07331 es3276. 2300.0 i

'

7707332 737927 2400.0 '
TF07333 784440 2600.0
TF07334 BM 232. 2000.0
TF07334 000Me. 2700.0
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$''' TyM334 ' Meces. 2000.0
TF07337 12230M. 2000.01

/; ~1F07330 'inneses. 2000.0
1907330 -1 M3422, 2000.0

[| 1907340 14387 M. 3113.0
TF07MS te38904. 3613.0
e
TF07100 ' pub 2 31 1.0

' TF07111 . 273.18 . 230.22
TF07112 ' 400.0 2el.M
TF07113 800.0 102.07

'
TF07114 800.0 292.38
TF07116 700.0 200.0F
1F07114 800.0 308.31

TF07117 . 1000,0 .314.03
900.0 309.M

TF07114-
1707119 '1800.0 317.88 -
TF07120 ' 1200.0 321.18

- TF07121 1300.0 324.50
''' 1707122 1400.0 328.M

TF07123 1800.0.' 332.40
TF071H 1800.0 337.43
TF07128 1700.0 M3.76

'TF071Td 1800.0 381.M
TF07127' 1900.0 382.14
TF07128 2000.0 378.00
TF07120 21C0.0 391.00
1707130 2200.0 410.44
TF07131 2300.0 . 433.44
TF07132:' 2000.0 400.23 '
TF07133 2000.0 490.08
TF07134 2000.0 $25.4
TF07135 2P00.0 843.71
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TF07130 2000.0 003.0
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TF07141 8000.0 803.0
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' .mbbb>>0m LC: \>c t -
ad command or file name:

'144d7~41mbbb0ms

Cbbbb>0m.C:\>a:' .,

';44d-~41mbbb0m
,

mbbbbb0m
at.rrdy error reading drive A /
gort, Retry, Fail? r ,<'

;\>dir'

. 'olum3 in drive A has no label
F lircctory of A:\ (

'

*\

'R_MEL PAR 165007 4-08-91 3:55p g,,
6 i~

'L_S BO INP 3818 3-11-91 8:45a ,

2 File (s) 1288192 bytes free j.-
!

'44m~~41mbb>0m;
' mbbbbbom A:\> type bwr_mel.apr

.10 not found

- f 44aI 41mbbb0m'
-r

4bbbbb_0m;A:\>. type bwr_mel. par ..
..

;rocoo******************************************************************
* * .

r

Peach Bottom Atomic Power Station "LIKE" Parameter File **
*

BWR Mark I containment **
'

**

' ~ BWR MAAP 3.0B PARAMETER FILE vs MELCOR INPUT DECK **

REVISION DATE: 04/08/91 .**'

* coo*************************************************t****************4

*coc*******************************************************************-
2

-(1) **USE_MELCOR_ DATA ** = USE MELCOR VALUE ,

*occo*******************************************************************
f

(2) **USE_MAAP_ DATA ** = USE MAAP VALUE-

coco ******************************************************************* o

(3) ** CHANGE _MELCOR** = ADD / CHANGE DATA TO MELCOR
.

1

coco *******************************************************************
,

(4) ** KEEP _ITS_OWN** = KEEP ITS OWN VALUES

*ooo*******************************************************************

(5) **NOT_IN_MELCOR** = DATA NOT USED IN MELCOR

. coco *******************************************************************'



g. ,- .,

h
V

-PRIMARY SYSTEM
[.00000*********************************************************==BEGIN==

o
. cc01 8.86200 AFLCOR FLOW AREA OF REACTOR CORE

0C00c* 7.9795- CV340BX (33.2925/(9.667-5.4943))'

-1 7.9795D0 **USE_MELCOR_ DATA **
O

cc02 '11.8D0 ALSH AVERAGE FLOW AREA IN LOWER DOWNCOMER
CC00C* 8.2859 CV310BX (61.1004/(10.460-3.086))

; 2 8.2859D0 **USE_MELCOR_ DATA **
.. o.

! cc03 2.D0 AFLBYP TOTAL CORE BYPASS FLOW AREA
cococ* 6.1786 CV330BX (25.7814/(9.667-5.4943))
3 2.D0 ** KEEP _ITS_OWN** POSSIBLY DIFFERENT DEFINITIONS?
c
0c04 20.0D0 AUSH FLOW AREA IN UPPER DOWNCOMER'

.ccccc* 19.2845 CV350BX (44.9011/(15.431-9.667))
4 19.2845 **USE_MELCOR_ DATA **

.c
5 1.35D5 HCRD SPECIFIC ENTHALPY OF CRD INLET FLOW
coccc* NOT USED IN MELCOR
005 **NOT_IN_MELCOR**
c,

;. 6 8.171D5 HFW SPECIFIC ENTHALPY OF FEEDWATER
coccc* h0T USED IN MELCOR
c06 **NOT_IN_MELCOR**
c
cc07 1.586DS MU2COR TOTAL MASS OF UO2 IN CORE
cc*cc* 1.685D5 CORXO702 5*(14995+14287+4414)
7 1.685D5 **USE_MELCOR_ DATA **
c
8 7.64D2 NASS NUMBER OF FUEL ASSEMBLIES IN REACTOR CORE
ococc* NOT USED IN MELCOR

**NOT_IN_MELCOR**c
*

9 6.4D1 NPINS NUMBER OF RODS IN ONE FUEL ASSEMBLY
ococc* NOT USED IN MELCOR
c **NOT_IN_MELCOR**
c
ec10 1.85D2 NCRD NUMBER OF CRD TUBES IN THE LOWER PLENUM
cococ* 1.85D2 CORXXXO1 CR GUIDE TUBES (185)
0 1.85D2 ** KEEP _ITS_OWN**

$ -5.0D0 HQFPS SENSIBLE ENERGY STORED IN FUEL AT BEGINNING OF
0C000* NOT USED IN'MELCOR
c **NOT_IN_MELCOR**
c.

2 3.0D0 TDMSIV DELAY TIME FOR MSIV CLOSURE ONCE THE CLOSURE SIG=
:coccc* NOT USED IN MELCOR
c **NOT_IN_MELCOR**
e

W 3 3.5DO TDSCRM DELAY TIME FOR FULL SCRAM ONCE THE SCRAM SIGNAL
*cccc* NOT USED IN MELCOR

**NOT_IN_MELCOR***

l 3.0D7 TIRRAD TOTAL EFFECTIVE IRRADIATION TIME FOR CORE
occcc* HOT USED IN MELCOR

. **NOT IN_MELCOR**c

* CRD PUMPS VS REACTOR PRESSURE (15-30)



,

;,

U. NOT'FOUND IN MELCOR CRD PUMPS ARE I4ST IF AC POWER FAILS'(SBO).
i .:.. **NOT_IN_MELCOR**
,.v.

5 7.D-3 WVCRDI CRD FLOW RATE PUMP HEAD-FLOW CURVE FOR CRD VOL FLOW
F 1.12D-2 WVCRDI CRD FLOW RATE PRESSURE PRIM SYS. (PPS) VS CRD VOLUMETRIC

l'- 1.12D-2 WVCRDI CRD FLOW RATE FLOW (WVCRD)
'i '1.12D-2 WVCRDI CRD FLOW RATE
1 1.12D-2- WVCRDI ~ CRD FLOW RATE'

-) ~ 1.12D-2 WVCRDI CRD FLOW RATE
1.12D-2 WVCRDI CRD FLOW RATE'

,.

! 1.12D-2 WVCRDI CRD FLOW RATE
1- 6.894D6 PCRD PPS FOR CRD PUMP

'1. 1.0134DS PCRD PPS FOR CRD PUMP
13 1.0134D5 PCRD PPS FOR CRD PUMP
i 1.0134D5 PCRD PPS FOR CRD PUMP
4 1.0134DS- PCRD PPS FOR CRD PUMP
;1 1.0134DS PCRD PPS FOR CRD PUMP

) 1.0134D5 PCRD 'PPS'FOR CRD PUMP
~) 1.0134D5 PCRD PPS FOR CRD PUMP

L 2275.DO WFWMAX MAXIMUM FEEDWATER FLOW RATE OBTAINABLE (RUN OUT)
'6000* NOT USED IN MELCOR

**NOT_IN_MELCOR**

2 4.42D2 WBPMAX MAXIEUM MAIN TURBINE BYPASS FLOW RATE
***co* NOT USED IN MELCOR
4 **NOT_IN_MELCOR**

$~ 1.4D-1 NXCORE EXIT CORE QUALITY AT TIME = 0.0SEC(TYPICAL .14)
vocoo* NOT USED IN MELCOR

**NOT_IN_MELCOR***

*-

**34 5.26DO XDCORE REACTOR CORE DIAMETER TO INNER SHROUD WALL
'

***oo* 5.1594 HS32001100 (2*2.5797)
5.1594 **USE_MELCOR_ DATA **

'
.,

035 22.23DO XHRV INTERIOR HEIGHT OF REACTOR VESSEL FROM TOP OF
ecoco* 22.243 CV360BR
i 22.243 **USE_MELCOR_ DATA **
t

'c3 6 3.188DO XRRV INTERIOR RADIUS OF REACTOR. VESSEL
'c000* 3.1856 HS31001100

.i. 3.1856 **USE_MELCOR_ DATA **.

,

.

7037 48.11DO ZBJET ELEVATION AT BOTTOM OF DOWNCOMER
recoo* 3.086 CV310BA.

48.276 **USE_MELCOR_ DATA ** (ZBV+3.086)*

f

:038 46.29DO ZBRDT ELEVATION AT THE BOTTOM OF THE CRD TUBES, WITHIN
'

'cocc* 1.2954 HS32001002
46.4854 **USE_MELCOR_ DATA ** (ZBV+1.2954)

>039 58.19DO ZBSEP ELEVATION AT BOTTOM OF STEAM SEPARATORS
0000* 10.92 HS35003002

56.11 **USE_MELCOR_ DATA ** (ZBV+10.92)

-040 45.19DO ZBV ELEVATION AT BOTTOM OF REACTOR. VESSEL
-cocc* 0.00 CV320B1 SET ZBV = 0.0 'IN MELCOR--

45.19DO ** KEEP _ITS_OWN** SET ZBV = 45.19 IN MAAP
,



fb.h ' 1- ?)},g y;'%Q.g,,?~
- ' .

,

4 '

: ,'' ' <h.g .
' , , #' ,

<

i'c ;,;i; ' Q ' '
_

_ C ^ '
fdcilT v50.'65DSU ECPL ELEVATION AT CORE PLATE. -| ' $g

.

Q M oo**75.4943L |CV320B7 F . .

'

-

ilj y ;50'.6843 . **USE_MELCOR_ DATA ** (ZBV+5.4943); ,,
,

m
't,o; , ~

_

'ZTJETc ELEVATION AT TOP'OF JET PUMPS[cc42c T53.40DO- 4
>

'Jo**cc*?8.080
'

CV310BM'
' 'i

,

2 53.27D0 **USE_MELCOR_ DATA ** (Z BV+8. 08 0)63 6 .,
,

..

'
e, * * k 3 i: 0.65D0' 'AJET ' TOTAL JET PUMP AREA ..

'

$ * * *' * * * ; 0 '. 67 8 2 FL31201 f'
,

M3L O.6782 **USE MELCOR DATA ** ;

D. * -
'

"[**44 . 54.43D0_ .ZTOAFc ELEVATION AT TOP OF ACTIVE ~ FUEL-
' ;

, <

'

(******.9.667 CV330BD ,

'

(4) 54.857 **USE_MELCOR_ DATA ** (ZBV+9.667) ,
_

p.-a. '

je*45 60.35D0 ZTSEP ELEVATION AT TOP OF STEAM. SEPARATORS. >

%******,15.431- CV310B9. ;'

'

W5s 60.621' **USE_MELCOR_ DATA ** (ZBV+15.431) {,

*:
1: 6- 59.49DO ZWNORM ELEVATION AT NORMAL DOWNCOMER WATER ~ LEVEL

4
'

1****** NOT USED IN MELCOR '

* **NOT_IN_MELCOR** ]
*._ p

''

"**47. - 62.00D0 ZLOCA ELEV OF BREAK, PUMP AND CRD: SEAL; LEAKAGES ,

.

* ** *** 6. 83 8 : .FL37001 PUMP. SEAL LEAKAGE ELEV-
r 7. L52.028 **USE_MELCOR_ DATA ** ~ (Z BV+ 6. 8 3 8 )'.

, ,1

y
, Le

,

1**48 .0093DO AI4CA - AREA OF BREAK FOR LOCA & V-SEQUENCES.(SEQUENC4
(*A*** 6.182D-6 FL37000+FL37100 - PUMP 4 & CRD SEAL LEAKAGE AREAS < '

+|8; 6.182D-6 **USE MELCOR DATA ** L ( 2 . 7 8 3 D-6+3 ".' 3 99E-6 ) ;
,

'* ..

i9 60.00DO ZWL8 ELEVATION OF. LEVEL 8.TRIPf(HIGHcDOWNCOMER WATER' n''-

*

i****** NOT.USED IN MELCOR
*^ . **NOT_IN_MELCOR** Aj' '

, ,

'*: ,

/**50; 49.19 SET ZSRR=ZBJET.FOR PLANTS-WITH INTERNAL RECIRC7 PUMPS XDRR=00. l
..

9Me**'**-6.'838 ^FL37001 JPUMP' SEAL LEAKAGE:ELEV1
dof ..52.028 .**USE_MELCOR_ DATA ** .( ZBV+6 ; 838 ); 1 T >j

.

.

D.:*- - s >
' 1 .. (' |1L . 58.87DO ESCRAM LEVEL.2LTRIP.FOR. SCRAM'

"*?' '

,?e***** NOT:USED.IN MELCOR.
1

.:,'* ;**NOT'IN~MELCOR** 4

,N*'< ,

.

in 4
"

f|f2 ,. 3.342D6c- PSCRAM: HIGH-REACTOR PRESSURE. SCRAM.SETPOINTL '

''******~NOT:USED IN MELCOR + -

N d.
,

'
4* ; **NOT_IN_MELCOR**

'|
''

M**h
..

?MCSPT; -MASS OF CORE SUPPORT PLATE-
.

,

- -
''

*53; 1.D4s ,

M
d *.* * * * * f 1". 5 D4 - CORX0702 -(NUREG/CR-2940 = 9297.KG)' . .

;J
,

Q 24000.0 **USE_MAAP_, DATA **- PER' MEETING WITH:BNL ONL02/11/91j
~

g^ i n . . .
,

h. 3.6D3 :TDSLC , TIME IT TAKES ' REACTOR ,To: SHUT DOWN AFTER THE :INITn @
v.****** NOT USED'IN MELCOR- ". ;

'.*- **NOT_IN_MELCOR**' '!"

r4'

ng e- ,

* *'
e

;* t 'l
4

1age?RECIRC PUMP.COASTDOWN CURVET (55-70) ,,hTso ________.----...... -- ..__ ,1

&****0*;NOT:.USED INiMELCOR .j,

. f .

,y>wm
G. h Gi! .| ,',' , ,

..

:6
, ,y:}

'
' , . ,

, ,



q - , m

oCNOT_IN_,MELCORco- (55-70)

5_ LO.D0 .TIRR(1). TIME AFTER PUMP TRIP VS. FRAC OF INIT RECIC PUMP FLOW
+5 2.DO' TIRR(2)'

7- 4.00 TIRR(3)
ic3 6.00- TIRR(4)
F 8.D0 TIRR(5)
l' 10.D0 TIRR(6)i

1. 12.DO TIRR(7)
2 14.D0 TIRR(8)

:3' 1.D0 FWRR(1)
|'t. .77DO FWRR(2)

5. . 62D0 FWRR(3)
5 .53D0' FWRR(4)
7 .45DO FWRR(5)

'3 .34DO FWRR(6)
") .3400 FWRR(7)<

,

' ' O.D0 FWRR(8)

:,

* STANDBY LIQUID CONTROL SYSTEM (71-92) ACTUATED MANUALLY ONLY (258)
0 ----------------------------

ecocco NOT USED IN MELCOR
a **NOT_IN_MELCOR**

.

1 1.46D5 HSLC INLET ENTHALPY OF SLC FLOW
2 0.DO PSLC(1) VESSEL PRESSURE POINTS FOR SLC FLOW CURVE
3 1.D7 PSLC(2)
4 1.D7 PSLC(3)
5 1.D7 PSLC(4)

:6 1.D7 PSLC(5)
7 1.D7 PSLC(6)
'3 1.D7 PSLC(7)
) 1.D7 PSLC(8)
) 1.72D-3 WVSLC(1) SLC VOLUMETRIC FLOW RATE
l 1.72D-3 WVSLC(2)

-. ? 1.72D-3 WVSLC (3)
3 l'.72D-3 WVSLC(4 )

:1 1.72D-3 WVSLC(5)
5 1.72D-3 WVSLC(6)
5- 1.72D-3 WVSLC(7)
1 1.72D-3 WVSLC(8)
.9

8

1 0.DO TDRPT DELAY. TIME FOR RECIRC PUMP. TRIP ONCE TRIP SIGNA
'06000 NOT USED IN MELCOR

**NOT_IN_MELCOR**v

-f

i 54.79DO ZLMSIV LOW WATER LEVEL FOR MSIV CLOSURE -

recoco.NOT USED IN'MELCOR,

**NOT_IN_MELCOR**r

t

1 57.64DO ZLRPT LOW WATER LEVEL FOR RECIRC PUMP TRIP.
'00000 NOT USED IN MELCOR

**NOT_IN_MELCOR**

7.886D6 PHRPT HIGH VESSEL PRESSURE SETPOINT FOR RECIRC PUMP.

'000c0 NOT USED IN MELCOR
**NOT_,IN_,MELCOR**

..

'

,l'
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m p'QW... 'f1
Q j ^jf " ' , M ' Y f

=Fi' - i -
''j '

, _
.

l' [
j.41

" ''' ' 'G
'

- -
,

,, ,
,

'

; t, y . :, , , .. . . .. HIGH;DRYWELL PRESSURE SCRAM SIGNALE ~

'

4i.3} '

g2[x 2.)1.1513D5;}. 1PDWJCM' ' , ,

:gccoco*JNUTLUSED INEMELCOR |
~ '

~

.

TPcq ,
~

**NOT IN MELCOR**~ yr,

'

,103:?:>
' '

,

.v. :-

..>.
-

..? *[; FUELL INPUT . (93-107);
,

>

"ts ......--

M.' I*sseo'*~ INOT USED'IN MELCOR . 'd
D

'

J'
**NOT_IN_MELCOR** (93-107)(*f' , < '

4

.;ik .

M ._._. 1.0290D0- FENRCH NORMAL FUEL ENRICHMENT. Wi
i

$o000*'NO'.' USED IN MELCOR . , .

.

$ **NOT_IN_MELCOR** xg
;

s h;

'M 20000.DO EXPO AVERAGE. EXPOSURE IN MWD / TONNE.
[600***NOTLUSEDIN:tELCOR. 'g

'

*- **NOT IN MELCOR** 1 =

;p ,- - .

, ,y
3 : .. . .' 6 DO FCR. PRODUCTION OF U239'TO ABSORPTION IN' FUEL" )'

,.

M400*** NOT USED IN:MELCOR1

7ef **NOT IN MELCOR** D,- -

$h'
'

.5 L , ,1. 3 D0 . FFAF' ~ RATIO OF FISSILE ABSORPTION TO TOTAL | FISSION |
******JNOT USED T.N MELCOR O'

'

,

4~
. _ ,

. ' .1*, **NOT IN MELCOR**- ,

:. 7 ;- ,. 6.96D-1- FQFR1- FISSION POWER FRACTION OF U235 AND PU241- '
, , ,

'ecc00*'NOT US*,0 IN MELCOR' ? '

;*1 **NOT IN~MELCOR**
,

- *L .

X :.;
, . .

'

M3: 2.238D-l' FQFR2' FISSION POWFR FRACTION OF.PU239 ' '

,;******'NOT USED,IN MELCOR - - q,

q L; *| **NOT_IN_MELCOR** ]'
,,.

:e: .

J). 8.D-2 FQFR3 FISSION' POWER FRACTION OF U238 p.-
,

'

' $ve****:NOT'USED7IN MELCOR
i

**NOT_IN_,MELCOR** ';
'

,pe; ,

' )0; ' . 3048DO- tXPCRDT PITCH:OF CRD TUBES- . ,7 . |]-

H M oc0*;NOT.USODLIN MELCOR ,i
'

C
hW * *NOT_IN_,MELCOR* * ~ i3

t.'
'

10101 .2755D0 ;XDCRDT OUTER DIAMETER:OF CRDLTUBESi ''s'

4 ,

, eccoo* 1 '.273 .PER ROC'WITH J..VALENTE:(BNL)fON.- 02/14/911' ' '

,

?|f )1, c .' 2 7 3 - -**USE MELCOR: DATA **. . .

.V, : ,qy f ,,. .

4
.

t

t; , $
-

02/ 155.DO
. ' NINST . NUMBER OF' INSTRUMENT TUBES ~

'
E' '

L'0800* .NOT'USED IN'MELCORo - '
, ,

1

N **NOT IN MELCOR**4 : s, .,m- - -

. . , -

T.901031 .00419DO .XTHCRD- THICKNESS ~OF CRD TUBE WALL s

QNe000*7.557D-E PER : ROCz WITH -J. VALENTE (BNL)' ON.. 02/14/91
-

,

]N3i 47.557D-3' **USE MELCORiDATA**
'

i, .
_

s 8.
.t,

'

M 142 .0508D0 L XDINST. . OUTER DIAMETER'OF' INSTRUMENT TUBEf - n
[10000* NOT USED IN MELCOR <l

,

4of, .**NOT-IN MELCOR** y
* '

-y,.ht .c.075D0: 'XDRIVE' IDWER ;CRD DRIVE OUTER . DIAMETER, ' THISr IS THE -' DIAME ' ,1H'

k;jococ*"NOT USEDiIN-MELCORJ - g
' '

m ;op 'n ,, ,

'

.'
'

,,; , , . , x ,s

uw ' . > + . , .
. .- - . . . . >



..

. , .

CONOT_IN_MELCOR*C*
,

16. "1.0051D-3. VWCRD SPECIFIC VOMUMF OF CRD WATER
ecc00* NOT USED IN MELCOR

**NOT_IN_MELCOR***'

t

17 1.00F1D-3 VWSLC SPECIFIC VOLUME OF SLC WATER
**000* NOT USED IN MEITOR

* *NOT_IN_,MELCOR* **
6

.6

*-ADS INPUT
. _________
k

'38 .75834D6 PADSC DRYWELL PRESSURE THAT WILL LEAD TO CLOSURE OF AD
*cocc* NOT USED IN MELCOR

**NOT_IN_MELCOR**6

)9 .62046D6 PADSO DRYWELL PRESSURE THAT WILL RE-OPEN ADS VALVES AS
*0000* DJ. USED IN MELCOR

**NOT_IN_MELCOR***-

*

**110 .2143700 XTRV THICKNESS OF LOWER VESSEL HEAD
*coac* .1894 COR00001 PER h0C WITH J. VALENTE (BNL) ON 02/14/91
10 .1894D0 **USE_MELCOR_ DATA **

'o
o

o FEEDWATER PUMP COASTDOWN CURVE (111-126)
e ______________________________
kooco* NOT USED IN MELCOR
* **NOT_IN_MELCOR**
*
11 -O.DO TIFWCD TIME SINCE MSIV CLOSURE SIGNAL VS. FEEDWATER
12 0.DO COASTDOWN MASS FLOW RATE
L3 0.DO 8 TIME POINTS,8 FLOW RATES
L4 0.D0
15 0.D0

.L6 0.D0
,

L7 0.D0
18 0.D0

'

19 0.D0 WFWCD
to 0.D0
'll 0.D0
12 0.D0
13. 0.D0

1 14 'O. DOL
15 0.D0
!6''O.D0
6

,17 5.96D6 PLMSIV I4W RPV PRESSURE FOR MSIV CIDSURE
'coc0* NOT USED IN MELCOR

:e. **NOT_IN_MELCOR**
a

,

80128 62.35DO ZMSL ELEVATION AT CENTER LINE OF THE AIN STEAM ' LINE
; coco * 16.73 FL36200r

IB 61.92D0 **USE_MELCOR_ DATA ** (ZBV+16.73)
t ]

e . ATWS POWER (129-144)
( , __________

ecccc* NOT USED IN MELCOR,

__



-

,

'

20. oCNOT_IN_MELCORoo
6'

.29,'-1.0 XATWS(1) DOWNCOMER LEVELS
30 3.90100 XATWS(2)-

31 5.426DO XATWS(3)'
.

.32, 6.950D0 XATWS(4)
33 8.474D0 XATWS (5)
34 10.00D0 XATWS(6)
35 11.52D0 XATWS(7)

' 36 13.05D0 XATWS(8)
37' .10 FQATWS (1) FRACTION OF TOTAL POWER
38 .18 FQATWS(2)
39 .27 FQATWS(3),

.40 .30 FQATWS(4)
41 . 36 FQATWS(5)
42 .40 FQATWS(6)
43. .40 FQATWS(7)
44 -.40 FQATWS(8)

-o
6 INCREASED RPV NODALIZATION INPUT
o ________________________________

'o NOTE: MAAP DOES NOT HAVE HEAT SINK FOR CRD TUBES AND HOUSINGS.
* MAAP USES CRD TUBES TO CALCULATE FREE WATER VOLUME AND
o CORIUM/CRD TUBES HEAT TRANSFER IN SUBR FREEZE AND ICRUST.

10 MELCOR: MCRD = 45680 KG
eo

00145 52.7D3 MCS MASS OF CORE SHROUD FROM TOP OF ACTIVE FUEL TO
0000c* 16.4D3 HS32004XXX..HS33011XXX (101.787*0.02032*7930)
45 16.4D3 **USE_,MELCOR_ DATA ** (NUREG/CR-2940 = 53000 KG)
o
00146 5.4D3 MTG MASS OF CORE TOP GUIDE
00000* 24144 CORX1102 (10744+10237+3163)
46 5.4D3 **USE_MAAP_ DATA ** (NUREG/CR-2940 = 6893 KG)
o.
00147 20.D3 MSH MASS OF SHROUD HEAD
6600c*'20.D3 HS35003500 INCLUDED IN SEPARATORS
47 20.D3 **USE_MAAP_ DATA ** (*USE_MELCOR_, DATA **
o

0o148 48.4D3 MSP MASS OF STANDPIPES AND SEPARATORS
'

00000* 69.7D3 HS35003500, INCLUDE SHROUD DOME (472.43*0.0186*7930)-20.D3
48' 49.7D3 **USE_MELCOR_ DATA **
o

o0149 42.D3 MDR MASS OF STEAM DRYERS
00000* 42.7D3 HS36001500 (2945.03*1.83E-3*7930.0)
49- 42.7D3 **USE_MELCOR_ DATA **

.*c150 89.D3 MUH MASS OF RPV UPPER HEAD
occoo* 52.4D3 HS36002500 0. 5 * ( (4/3.' * PI* (3. 2 87 2 * *3-3.18 5 6 * *3 ) ) *78 3 3. 0
50 52.4D3 **USE_MELCOR_ DATA **

'o151 214.2D3 MUW MASS OF RPV WALL FROM MAIN STEAM LINE ELEVATION*

tocco* 228.0D3 HS3100if,00 60%*PI*(3.3412**2-3.1856**2)*15.87*7833.0
31 238.0D3 **USE_FELCOR_ DATA **,

to152 198.D3 MLW MASS OF RPV WALL FROM TAF TO BOTTOM'OF DOWNCOMER
= coco * 158.6D3 HS31001500 40%*PI*(3.3412**2-3.1856**2)*15.87*7833.0 1

52 158.6D3 **UCE_MELCOR_ DATA **
*

53, . 20.D3 MRR MASS OF RECIRC DISCHARGE PIPING
ecoco* NOT USED IN MELCOR
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,

W ~ y.
y' *cNOT;IN_MELCOR** ., ,[

9,, ; ,
, _ ( _,

'^' r

g[:ypp
..

>

.-

'

i $. . > 1 N ^>'

j90154L.575.D3. "MLH .
.

. m
, ,

tRecoco* 30719.- CORLHD0X-, MASS OFJRPV LOWER HEAD..

.(13670+13025+4024)' .. _

, L.
>4

,

M41 J75.D3: **USE_MAAP_ DATA ** ;PER. ROC'WITH J.VALENTE/BNL ON 302/14/911 ',
,

tn
'

,

f.M " 2 d . D3 - MSS- MASS'OF SHROUD ~ SUPPORT .o . ,

+fvoe***'NOT-USED'IN MELCOR .

'

' ,~
?'' **NOT_IN_MELCOR** -

,

.w .
,

# [ 5'6I 12.0 - X2RR. LENGTH OF RECIRt:' PIPE MODE 1. 'I
.a***** NOT USED IN MELCOR

-

,

#-te S **NOT-IN_MELCOR** , |2 *
- ,

I l [ ,6. . , .

,70 .XDRR ID OF'RECIRC PIPE 6.-3157 .. ,,

c'*****LNOT USED IN MELCOR. .

,

157 , .70 **NOT_IN_MELCOR** SET XDRR=0.0 FOR PIANTS WITH INTERNAL;RECIM ,2

l' ' . , . .s x. ,

FL'*158 2000.0 ASEP TOTAL SURFACE AREA OF ALL' STANDPIPES +| SEPARATORS: ,
t ,

: , ' * * * * * '. 9 4 4 .' 8 6 HS35003500,HS35003700 (472.43+472.43) '. ~'

5 8,. 944.86 **USE_MELCOR_ DATA **
e-

,59 / . . 13.2 AGSEP TOTAL GAS FLOW AREA OF ALL STANDPIPES
L****** NOT USED IN MELCOR

' A
'

:4 **NOT IN'MELCOR** >

. . , ' x~ ~

s.
'?**160L 2000.0' ADR SURFACE AREA OF STEAM DRYERS'

'H ****** 2945'.03 HS36001500
s50.. 2945;03 **USE_MELCOR_ DATA **

~

|X
51s. . . 20 '. ' AUDSS , FLOW AREA FOR UPPER.DOWNCOMER TO SEPARATORS' FLOW
****** NOT USED IN MELCOR. ' '

**NOT:IN MELCdR**' .' ie - - .c
, m..

p<

'12 5.0 .AUHUD. FLOW AREA FOR. UPPER. HEAD.TO UPPERLDOWNCOMER' FLOW)
:f'***** NOT USED IN.MELCOR >

'

i- **NOT.IN'MELCOR** <

~ ~@ . . . . . . .a +
'r*163 56.43 ZBSTAN ELEVATION AT BOTTOMi OF; STANDPIPES ;'(AVERAGE. VALUE)(-.

''

;r*****L10.46- CV350BD' '

( ZBV+10. 4 6') .

["i3 55.65 **USE_MELCOR_ DATA **
'

-

*164- 42.0. VSHED TOTAL' VOLUME INSIDE' SHROUD HEAD-
~

,

G "***** 27.'2877 CV350BH
L .I4' ' '27.2877 **USE_MELCOR_ DATA **,
e o
e*165s 45.0 'VSEP TOTAL VOLUME.INSIDE STANDPIPES +SEPARATORSc

"

" Veece*144.9011 CV350BR- '
'

s

75i
' ~~

g| -
'44.9011 **USE MELCOR DATA ** -

- -

f ? *166c, L 67.29 ZTV ELEVATION-AT TOP OF RPV.
C.#****'22.243 CV360BR

. ?6/ 67.433 **USE_MELCOR_ DATA ** (ZBV+22.243).
,

'

*

RPV HEAT LOSSES ,

, .- ...---- -----
.

.

7f 1.D6- QCO , TYPICAL RPV CONVECTION IDSSES'AT TIME ZERO-
'

!1

J *****;NOT USED-IN MELCOR.
'

N' L**NOT_IN_MELCOR**,

a> '
.

_

a
,

1 .g.

(| *'
.

;\ ; L



" ~ "

't,
,_

V . . Y

58'. . 8.D0 FINPLT .GE.2 = REFLECTIVE INSULATION, FINPLT=# OF PLATES'
cococ* NOT'USED IN MELCOR
0- **NOT_IN_MELCOR**'

c

. 5 5F .102 XTINS THICKNESS OF INSULATION
=occo* NOT USED IN MELCOR
.* **NOT_IN_MELCOR**
h

73 130.0 NSEP NUMBER OF STEAM SEPARATORS
Acccc* NOT USED IN MELCOR
* **NOT IN MELCOR**

' *

OICOLATION (ISO) CONDENSER (174-179)
s._________________________
toccc* NOT USED IN MELCOR

**NOT_IN_MELCOR** **NOT_FOR_ PEACH _ BOTTOM **'*

e

74 430.D0 VWY315 VOLUME'OF ISOLATION CONDENSER WATER'
75 300.DO TWY315 TEMPERATURE OF ISO CONDENSER WATER
76 1.D10 PHY315 HIGH RPV PRESSURE SIGNAL FOR ISO CONDENSER

'78 -1.D10 ZLY315 LOW RPV WATER LEVEL ELEVATION TO INITIATE
79 65.0D6 QMY315 MAXIMUM COOLING CAPACITY ; 65 MW FOR 2-LOOP
o
c
*PRESSITRE SETPOINT - CURVE (180-195) FOR ISO CONDENdER
cocco*-NOT USED IN MELCOR
o **NOT IN MELCOR** **NOT FOR PEACH BOTTOM **

,

0 .0.0D0 TSY315(1) TIME SINCE AurUATION FOR PRESSURE REGULATION
31 1.0D10 TSY315(2)
32 1.0D10 ,TSY315(3)
33 1.0010 TSY315(4)

, 34 1.0D10 TSY315(5)
35 1~.0010 TSY315(6)
36 1.0D10 TSY315(7)
37 1.0D10 TSY315(8)

-18 70.005 PSY315(1) PRESSURE REGULATION SETPOINT
19 70.003 ,PSY315 ( 2 )

-

10 70.0D5 PSY315(3)
. 71 - 70.0D5 PSY315(4)
12 .70.0D5 PSY315(5)
13 70.0D5 PSY315(6)'

.)4 70.005 PSY315(7).
e 15 70.0D5 PSY315(8)

i - 16 0.DO VRRMIN MINIMUM VOLUME OF WATER IN RECIRC IDOP REQUIRED
L <cocc* NOT USED IN MELCOR

**NOT_IN_MELCOR**<

17 :20.0 NJET NUMBER OF JET PUMPS
H o000* NOT USED IN MELCOR
f ' **NOT IN MELCOR**'

$8 0.01 XTJET AVERAGE THICKNESS OF JET PUMP WALLj

i tococ* NOT USED IN MELCOR
**NOT_IN_MELCOR***

$' 57.33 ZSPARG CENTERLINE ELEVATION OF HPCI/RCIC SPARGER9
'cocC* NOT USED IN MELCOR

| -**NOT_IN_,MELCOR***



i

'
;.

L

61

10 0 ' .0100 XSPARG HPCI/RCIC SPARGER DROPLET DIAMETER
'ococcc* NOT USED IN MELCOR

0 **NOT_IN_,MELCOR**L

).10
'

s ol: 15.0D0 . TD315 TIME RPV PRESSURE MUST BE ABOVE THE HIGH
ococo*'NOT USED IN MELCOR-

ito' **NOT IN MELCOR**
o

~02 55.43 ZSPRCS CENTERLINE ELEVATION OF LPCS/HPCS SPARGER
" 60000* NOT USED IN MELCOR

..
**NOT_IN_MELCOR**o-

03 .001D0 XSPRCS HPCS/LPCS MEAN SPRAY DROPLET DIAMETER
ccocc* NOT USED IN MELCOR
o **NOT_IN_MELCOR**
c
00060*******************************************************************
HEATUP
cQocc*********************************************************==DEGIN==

.c
*ool 3.8100 XZFUEL LENGTH OF ACTIVE FUEL
0000c* 4.1727 CV330B7,D (9.667-5.4943)

- 1 3.81D0 **USE_MAAP_ DATA **
c
0002 5.21D-3 XRFUEL RADIUS OF FUEL PELLEf
'coccc* 5.207D-3 COR00001:

2 5.207D-3 **USE_MELCOR_ DATA **
o
2003 8.13D-4 XTCLAD THICKNESS OF FUEL CLADDING ~

'c0000* 8.128D-4 COR00001
3 8.128D-4 **USE_MELCOR_ DATA **
*

oc04 3.5D4 MZRCAN TOTAL MASS OF ZR IN ASSEMBLY CANS'

* coco * 2. 6282D4 CORXO702 5*(2339+2229+688.5) MZRTOTAL=74000 KG
0004 39290.0 **USE_MELCOR_ DATA ** PER MEETING WITH BNL ON 02/08/91 ,

. oc PER ROC WITH J. VALENTE/BNL ON 03/06/91 MZRTOTAL=71420 KG
i4 36710.0 **USE_MELCOR_, DATA **

o

5 0.0 MBCR NOT USED
00000* NOT USED IN MELCOR

'o **NOT_IN_MELCOR**
t. o

0006 3.048D-3 XZRCAN FUEL BUNDLE WALL THICKNESS
20000* 2.54D-3 COR00001
6 2.54D-3 * *USE_,MELCOR_, DATA * *
o
o

* CORE PEAKING FACTORS (07-83) CHANGE IN MAAP:
* -------------------- 'IH * JH = 5 * 10, FPEAK(IH,JH)

.

* coco * FAXED FRO'M LEV NEYMOTIN (BNL) TO TOBY WU (FAI) ON 01/29/91
4 **USE_MELCOR_ DATA ** (07-83)
e-
7 1.063D0 FPEAK(1,1) PEAKING FACTOR FOR NODE (1,1) ,

'

3' 1.063DO FPEAK(2,1) PEAKING FACTOR FOR NODE (2,1)
.,9 0.919D0 FPEAK(3,1) PEAKING FACTOR FOR NODE (3,1)

3- O.878D0 FPEAK(4,1) PEAKING FACTOR FOR NODE (4,1)
:1 0.507D0 FPEAK(5,1) PEAKING FACTOR FOR' NODE (5,1)
5 1.063DO FPEAK(1,2) PEAKING FACTOR FOR NODE (1,2)

i S 1.063DO FPEAK(2,2) PEAKING ~ FACTOR FOR NODE (2,2)



,

'7 0.919DO FPEAK(3,2) PEAKING FACTOR FOR NODE (3,2)
:3 0.878D0 FPEAK(4,2) PEAKING FACTOR FOR NODE (4,2)

3 0.507DO FPEAK(5,2) PEAKING FACTOR FOR NODE-(5,2)'

3 1.382D0 FPEAK(1,3) PEAKING FACTOR FOR NODE (1,3)
't 1.382D0 FPEAK(2,3) PEAKING FACTOR FOR NODE (2,3)
5 1.195DO FPEAK(3,3) PEAKING FACTOR FOR NODE (3,3)
5 1.140D0 FPEAK(4,3) PEAKING FACTOR FOR NODE (4,3)
7 0.658DO FPEAK(5,3) PEAKING FACTOR FOR NODE (5,3)
1 1.382D0 FPEAK(1,4) PEAKING FACTOR FOR NODE (1,4)
2 1.38200 FPEAK(2,4) PEAKING FACTOR FOR NODE (2,4)
3 1.195DO FPEAK(3,4) PEAKING FACTOR FOR NODE (3,4)
1 1.140D0 FPEAK(4,4) PEAKING FACTOR FOR NODE (4,4)
5 0.658DO FPEAK(5,4) PEAKING FACTOR FOR NODE (5,4)
) 1.382D0 FPEAK(1,5) PEAKING FACTOR FOR NODE (1,5)
3 1.38200 FPEAK(2,5) PEAKING FACTOR FOR NODE (2,5)
L 1.195DO FPEAK(3,5) PEAKING FACTOR FOR NODE (3,5)
2 1.140D0 FPEAK(4,5) PEAKING FACTOR FOR NODE (4,5)
3 0.658DO FPEAK(5,5) PEAKING FACTOR FOR NODE (5,5)
? 1.382D0 FPEAK(1,6) PEAKING FACTOR FOR NODE (1,6)
3 1.382D0 FPEAK(2,6) PEAKING FACTOR FOR NODE (2,6)
3 1.195DO FPEAK(3,6) PEAKING FACTOR FOR NODE (3,6)
3 1.140D0 FPEAK(4,6) PEAKING FACTOR FOR NODE (4,6)
1 0.658DO FPEAK(5,6) PEAKING FACTOR FOR NODE (5,6)
5 1.334DO FPEAK(1,7) PEAKING FACTOR FOR NODE (1,7)
6 1.334DO FPEAK(2,7) PEAKING FACTOR FOR NODE (2,7)
7 1.15300 'FPEAK(3,7) PEAKING FACTOR FOR NODE (3,7)
3 1.101DO FPEAK(4,7) PEAKING FACTOR FOR NODE (4,7)
9 0.635D0 FPEAK(5,7) PEAKING FACTOR FOR NODE (5,7)
3 1.334DO FPEAK(1,8) PEAKING FACTOR FOR NODE (1,8)
i 1.33400 FPEAK(2,8) PEAKING FACTOR FOR NODE (2,8)
5 1.15300 FPEAK(3,8) PEAKING FACTOR FOR NODE (3,8)
5 1.101D0 FPEAK(4,8) PEAKING FACTOR FOR NODE (4,8)
7 0.635DO FPEAK(5,8) PEAKING FACTOR FOR NODE (5,8)
L 0.847DO FPEAK(1,9) PEAKING FACTOR FOR' NODE (1,9)
1 0.847DO FPEAK(2,9) PEAKING FACTOR FOR NODE (2,9)
1 0.732D0 FPEAK(3,9) PEAKING FACTOR FOR NODE (3,9)
1 0.699D0 FPEAK(4,9) PEAKING FACTOR FOR NODE (4,9)
i 0.404DO FPEAK(5,9) PEAKING FACTOR FOR NODE (5,9)
) 0.647D0 FPEAK(1,10) PEAKING FACTOR FOR NODE (1,10)
> 0,847DO FPEAK(2,10) PEAKING FACTOR FOR NODE (2,10)
'. 0.732D0 FPEAK(3,10) PEAKING FACTOR FOR' NODE (3,10)
! 0.699D0 FPEAK(4,10) PEAKING FACTOR FOR NODE (4,10)
: 0.404DO FPEAK(5,10) PEAKING FACTOR FOR NODE (5,10)
f

f

r07 1.067DO FPEAK(1,1) PEAKING FACTOR FOR NODE (1,1)
208 .960D0 FPEAK(2,1) PEAKING FACTOR FOR NODE (2,1)
09 .853DO FPEAK(3,1) PEAKING FACTOR FOR NODE (3,1)
10 .572DO FPEAK(4,1) PEAKING FACTOR FOR NODE (4,1)
'll .191DO FPEAK(5,1) PEAKING FACTOR FOR NODE (5,1)|

15 1. 4 4 5 DO FPEAK(1,2) PEAKING FACTOR FOR NODE (1,2)
16 1.300D0 FPEAK(2,2) PEAKING FACTOR FOR' NODE (2,2)

.17 1.156DO FPEAK(3,2) PEAKING FACTOR FOR NODE (3,2)
18 .774DO .FPEAK(4,2) PEAKING FACTOR FOR NODE (4,2)
19 .258DO FPEAK(5,2) PEAKING FACTOR FOR NODE (5,2)
23 1.561DO FPEAK(1,3) PEAKING FACTOR FOR NODE (1,3)
24 1.405DO FPEAK(2,3) PEAKING FACTOR FOR NODE (2,3)
25 1.249DO FPEAK(3,3) PEAKING FACTOR FOR NODE (3,3)-
26 .836D0 FPEAK(4,3)- PEAKING FACTOR FOR NODE (4,3)
27 .279DO FPEAK(5,3) PEAKING FACTOR FOR NODE (5,3)



*31 1.600D0 FPEAK(1,4) PEAKING FACTOR FOR NODE (1,4)
*32 1.440D0 FPEAK(2,4) PEAKING FACTOR FOR NODE (2,4)
*33 1.280D0 FPEAK(3,4) PEAKING FACTOR FOR NODE (3,4)
*34 .857DO FPEAK(4,4) PEAKING FACTOR FOR NODE (4,4)
*35 .286DO FPEAK(5,4) PEAKING FACTOR FOR NODE (5,4)
*39 1.613D0 FPEAK(1,5) PEAKING FACTOR FOR NODE (1,5)
*40 1.45200 FPEAK(2,5) PEAKING FACTOR FOR NODE (2,5)
*41 1.290D0 FPEAK(3,5) PEAKING FACTOR FOR NODE (3,5)
*42 .86400 FPEAK(4,5) PEAKING FACTOR FOR NODE (4,5)
*43 .28800 FPEAK(5,5) PEAKING FACTOR FOR NODE (5,5)
*47 1.639DO FPEAK(1,6) PEAKING FACTOR FOR NODE (1,6)
*48 1.475DO FPEAK(2,6) PEAKING FACTOR FOR NODE (2,6)
*49 1.312D0 FPEAK(3,6) PEAKING FACTOR FOR NODE (3,6)
*50 .878DO FPEAK(4,6) PEAKING FACTOR FOR NODE (4,6)
*51 .293D0 FPEAK(5,6) PEAKING FACTOR FOR NODE (5,6)
*55 1.575DO FPEAK(1,7) PEAKING FACTOR FOR NODE (1,7)
*56 1.418DO FPEAK(2,7) PEAKING FACTOR FOR NODE (2,7)
*57 1.260D0 FPEAK(3,7) PEAKING FACTOR FOR NODE (3,7) :

*58 .843DO FPEAK(4,7) PEAKING FACTOR FOR NODE (4,7)
*59 .281DO FPEAK(5,7) PEAKING FACTOR FOR NODE (5,7)
*63 1.548DO FPEAK(1,8) PEAKING FACTOR FOR NODE (1,8)
*64 1.394DO FPEAK(2,8) PEAKING FACTOR FOR NODE (2,8)
*65 1.239D0 FPEAK(3,8) PEAKING FACTOR FOR NODE (3,8)
*66 .830D0 FPEAK(4,8) PEAKING FACTOR FOR NODE (4,8)
*67 .277DO FPEAK(5,8) PEAKING FACTOR FOR NODE (5,8)
*71 1.170D0 FPEAK(1,9) PEAKING FACTOR FOR NODE (1,9)
*72 1.053DO FPEAK(2,9) PEAKING FACTOR FOR NODE (2,9)
*73 .93600 FPEAK(3,9) PEAKING FACTOR FOR NODE (3,9)
*74 .627DO FPEAK(4,9) PEAKING FACTOR FOR NODE (4,9)
#75 .209DO FPEAK(5,9) PEAKING FACTOR FOR NODE (5,9)
*79 .78100 FPEAK(1,10) PEAKING FACTOR FOR NODE (1,10)
#80 .703DO FPEAK(2,10) PEAKING FACTOR FOR NODE (2,10)
881 .625D0 FPEAK(3,10) PEAKING FACTOR FOR NODE (3,10)
*82 .419DO FPEAK(4,10) PEAKING FACTOR FOR HODE (4,10)
*83 .140D0 FPEAK(5,10) PEAKING FACTOR FOR NODE (5,10)
*

7 0.33DO XCHIM UNHEATED FUEL LENGTH AT TOP OF CORE
* * * * * * NOT USED IN MELCOR

**NOT_IN_MELCOR** )*
*

'

3 1.D-7 XIZROX INITIAL CLADDING OXIDE THICKNESS l
****** NOT USED IN MELCOR

**NOT_IN_MELCOR***

* NEW DATA FOR REVSION 6.06 - CONTROL BLADES
I*

3 1785.5 MBCBLA MASS OF B4C IN ALL CONTROL BLADES l

3 9680.0 MSSBLA MASS OF STAINLESS STEEL IN ALL CONTROL BLADES
1 0.74 MFFESS FRACTION OF FE IN STAINLESS STEEL
2 0.18 MFCRSS FRACTION OF CR IN STAINLESS STEEL
3 0.08 MFNISS FRACTION OF NI IN STAINLESS STEEL
i 1500.0 TCBMP MELTING POINT OF CONTROL BLADE
'

i

t 1

vecoo*******************************************************************
INGINEERED SAFEGUARDS (GE BWRS) (01-108)
eacco*********************************************************==BEGIN==
****** NOT USED IN MELCOR

**NOT_IN_MELCOR** (01-108)*

.

. . - . _ _ _ _ - - - . - - - _ _ _ _ - - _ _-



,.

,

i-
,

J 1' :2.D0' NLPCI1'NUM ER CF LPCI PUMPS IN LOOP.1
2 ' 2. 0D0 ' NLPCI2. NUMBER OF LPCI. PUMPS IN LOOP 2
3 '0.0D0 NLPCI3 NUMBER OF LPCI PUMPS IN LOOP 3

:4 '4.0D0 NLPCSP NUMBER OF LPCS PUMPS
5 0.0D0 NOT USED
6 100.00'' VMNCST MIN. WATER VOLUME IN CONDENSATE STORAGE TANK TO SWITCH
7 1.0051D-3 VWCST SPECIFIC VOLUME OF CST WATER -

.c'

' ' o L HPCI PUHP HEAD-FLOW CURVE (08-23) (AC, D/G, BATT]
c ............---- . ......

' ' coccc* NOT USED IN MELCOR-
m :c **NOT_IN_MELCOR**

o

8 8.124D6 PHPCI(1) PUMP CURVES FOR ECCS
''9 8.D6 PHPCI(2) PHPCI VS VOLUMETRIC FLOW

0- 6.8D6 PHPCI(3) WHERE PHPCI=PPS-PDW ,

1 5.1D6 PHPCI(4)"

'2- 3.06D6 PHPCI(5)
.3 1.7D6 PHPCI(6)'

4 1.134D6 PHPCI(7)
5 4.17D5 PHPCI(8)
6 .31567DO WVHPCI(1) WHERE: WVHPCI=HPCI VOLUMETRIC FLOW

-7 .31567DO WVHPCI(2)
'8 .3156700 WVHPCI(3),

9 .31567DO WVHPCI(4)
'

O .31567DO WVHPCI(5)
'l .31567DO WVHPCI(6)
2 .31567DO WVHPCI(7)
3 .31567DO WVHPCI(8)
o
o LPCI PUMP HEAD-FLOW CURVE (ALSO USED FOR DRYWELL AND WETWELL SPRAYS AND
c -----------------------~~ POOL COOLING) (24-39)
ococc* NOT USED IN MELCOR
* **NOT_IN_MELCOR**
* '

4 .2.172D6 . PLPCI(1) WHERE: PLPCI=PPS-PDW
5 2.123D6 PLPCI(2)
3 1.916D6 PLPCI(3)
7 1.66D6 PLPCI(4).
3 1.4788D6 PLPCI(5)

,) 1.065D6 PLPCI(6)
')- 7.894D5 PLPCI(7)
'L- 1.01342D5 PLPCI(8)
! 0.DO WVLPCI(1) WHERE: WVLPCI=LPCI VOLUMETRIC FLOW

p .1 6.313D-2 WVLPCI(2)
l. 1.894D-1 WVLPCI(3)

''

$ 2.525D-1 WVLPCI(4 ),

5- 3.47D-1 WVLPCI(5)
'

>' 4.48D-1 WVLPCI(6)
. 1 5.05D-1 WVLPCI(7)

~

r. 6.31D-1 WVLPCI(8)
';.

'. LPCS PUMP HEAD-FLOW CURVE (40-55) (AC, D/G)
--........-------.....---

6000* NOT USED IN MELCOR
**NOT_IN_MELCOR**

.

i.. 2.099D6 PLPCS (1) WHERE: PLPCS=PPS-PDW
l 2.03D6 PLPCS(2)

1.961D6 PLPCS (3)
1

e
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J31 71.892D6 -|PLPC3 (4 ) . .'

344M1.824D6L LPLPCS(5)
s

L11479D6 'PLPCS(6); S;.'

@$5 {
"

'

6L J8.928D5' . ' PLPCS (7 ) ': P?|77j o1.01342D5 PLPCS(8) . ;- .
.

.
-

'L8j m:0.DO WVLPCS(1); L WHERE: . WVLPCS=LPCS. VOLUMETRIC' FIDW -
,

, .

, 4

i9? : . 041DO WVLPCS(2)' "

f
.m

CO> ..063DO- WVLPCS(3) ,

ill 's078DO WVLPCS(4)
V2 " 0915DO .WVLPCS(5)., .

j 34 .1355D0' .WVLPCS(6) -

,

1.4" '.1895DO: WVLPCS(7)
'51 .246DO. WVLPCS(8)- .

,,

n o,
- y

,jo HPCS; PUMP HEAD-FI4W CURVE (56-71) (AC, D/G) '9'

;>yo ... ... ... ___ . . __

$00*** NOT USED IN MELCOR j
,

* * NOT_,IN_.MELCOR* * ,:.es

e. .

;j 6 5 , 0.'O ; PHPCS (1) .WHERE:'PHPCS=PPS-PDW
" 7: :0.0 PHPCS (2) j,

18 , |.0. 0 ~ PHPCS (3) , ,

.

H=9- 0.0 PHPCS (4) . ,

',0 0.0 PHPCS (5) a 1

51 '0.0. PHPCS (6)
i.27 '.0.0' PHPCS (7) 7,,

3 20.0, PHPCS (8) |"T :
'

J4 . 0 . 0 '. .WVHPCS(1) .WHERE: WVHPCS=HPCS VOLUMETRIC FLOW: y; :01 - . .

t 5' 'O.0 WVHPCS(2)' ,

:6! 0.0 WVHPCS(3)
'

-7 |0.0~ . WVHPCS(4)
,...8 0.0 -WVHPCS(5)-

: 9 :- 0.0' WVHPCS(6) a'
,

.

'0: .0.0; WVHPCS(7)
-

'

y.
, WVHPCS(8)c 1: : 0 .~ 0

' W RCIC PUMP HEAD-FI4W CURVE- (72-87) (AC, D/G , .- BATT) . 3
.e: .... . . . .. .......

g******1NOT.USED INLMELCOR
"* * *NOT,,,IN_MELCOR* *

..

'*c
.

. PRCIC (1) WHERE:"PRCIC=PPS-PDW , |'
,

, .,

H'

:.2 , .7.0D6; -

53 -6.0D6 ' PRCIC (2)' .

!'
'

LG 5.0D6 ' PRCIC(3)
Q5L L4.0D6 PRCIC(4)7 "+~

'
>

L5 ; 13.'0D6; L PRCIC (5),' ,

' '

jf : 2. 0D6: . PRCIC (6)'
'

'
, ,

|13;:-- (1.134D6; :PRCIC(7) e ,

*) "4.17D5 , :PRCIC(8). y
T . 0,1788D0 : ' WVRCIC(1) WHERE: JWVRCIC=RCIC VOLUMETRIC FLOW

.' '
. 1

"

C .03788DO: WVRCIC(2)- ,
< o

f!' -.03788DO WVRCIC(3)'
'

x
' t); :.03788DO: .WVRCIC (4 ):. ,

!b .03788DO| WVRCIC(5)
t : 3 -. .03788D0| WVRCIC(6). -

-:ij , . 03788D0 WVRCIC(7).
"1 .03788DO- WVRCIC(8)

,

4 Y SYSTEM: ACTUATION SET POINTSj ~(8'8-108) P l
-i,

.

,

',
,

.. ._ y: ,

.' I .
,

' .q: ,

;;{ '.i ,j*

'
,, * ' r e

g ,p- q t .,' 5

'
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t***** NOT USED IN MELCOR
**NOT_IN_MELCOR**t

$ 57.66DO ZLHPCI LOW WATER LEVEL SETPOINT TO INITIATE HPCI (ON).
8 1.1513D5 PSHPCI HIGH DRYWELL PRESSURE SET POINT TO TRIP HPCI OFF.
I 25.DO TDHPCI TIME DELAY FOR HPCI

4.205D5 PHHPCI MINIMUM VESSEL PRESSURE TO TRIP HPCI OFF, DUE TO
: -1.D10 ZLHPCS LOW WATER LEVEL SETPOINT TO INITIATE HPCS (ON).
I 1.D10 PSHPCS HIGH DRYWELL PRESSURE SET POINT TO TRIP HPCS OFF.

O.DO TDHPCS TIME DELAY FOR HPCS,

i 54.79DO ZLLPCI I4W WATER LEVEL SETPOINT TO INITIATE LPCI (ON).
i 1.1513D5 PSLPCI HIGH DRYWELL PRESSURE SET POINT TO TRIP LPCI OFF.
' 24.D0 TDLPCI TIME DELAY FOR LPCI
I ~1.D10 PLLPCI RPV-WETWELL PRESSURE TO CLOSE ADS IF OPEN
i 54.79D0 ZLLPCS LOW WATER LEVEL SETPOINT TO INITIATE LPCS (ON).
10 1.1513D5 PSLPCS HIGH DRYWELL PRESSURE SET POINT TO TRIP LPCS OFF.
11 12.DO TDLPCS TIME DELAY FOR LPCS
12 -1.D10 PLLPCS RPV-WETWELL PRESSURE TO RE-OPEN CLOSED ADS
13 57.66D0 ZLRCIC LOW WATER LEVEL SETPOINT TO INITIATE RCIC (ON).
14 1.1513D5 PSRCIC HIGH DRYWELL PRESSURE SET POINT TO TRIP RCIC OFF.
15 30.DO TDRCIC TIME DELAY FOR RCIC
>6 4.205D5 PHRCIC MINIMUM VESSEL PRESSURE TRIP RCIC OFF. DUE TO
)7 1.3514D5 HCST ENTHALPY OF CST
18 290.DO WSWHX SERVICE WATER FLOW RATE (KG/S) PER RHR HTX
e

%

SAFETY / RELIEF VALVES (109-118,123-127,164-168,270-274)*

|v --------------------
(109-118,123-127,164-168,270-274) **USE_MAAP_ DATA **'

t

'*109 .8605D-2 ASRV1 FLOW AREA OF RELIEF VALVE TYPE #1
**110 .8605D-2 ASRV2 FLOW AREA OF RELIEF VALVE TYPE #2
'*111 .8607D-2 ASRV3 FLOW AREA OF RELIEF VALVE TYPE #3
r*112 .8597D-2 ASRV4 FLOW AREA OF RELIEF VALVE TYPE #4
*113 .8659D-2 ASRV5 FLOW AREA OF SAFETY VALVE TYPE #5
***** 0.1319 FL36201
9 0.01014

.0 0.01014 |

.1 0.01014

.2 0.01014
.3 0.01014

*114 1.000 NSRV1 NUMBER OF TYPE #1 RELIEF VALVES |

! *115 1.0D0 NSRV2 NUMBER OF TYPE #2 RELIEF VALVES
*116 6.0D0 NSRV3 NUMBER OF TYPE #3 RELIEF VALVES
*117 3.0D0 NSRV4 NUMBER OF TYPE #4 RELIEF VALVES
*118 2.DO NSRV5 NUMBER OF TYPE #5 RELIEF VALVES
***** 3 CF10100 1

***** 5 CF10200
***** 4 CF10300
***** 1 CF10400 j

4 3.0D0 j
'

5 4.0D0
6 4.0D0
7 1.0D0
8 1.DO

|

ADS VALVES (119-122) ,

_ _ _ _ .- _ _ ___. __



.

,

*cce** NOT USED IN MELCOR
4 **NOT_IN_MELCOR** (119-122)
s

19 0.DO NADS1 NUMBER OF ADS VALVES IN GROUP 1
20 0.DO NADS2 NUMBER OF ADS VALVES IN GROUP 2
21 3.DO NADS3 NUMBER OF ADS VALVES IN GROUP 3
12 4.00 NADS4 NUMBER OF ADS VALVES IN GROUP 4
i

k

23 7.84618D6 PSRV1 PRESSURE SETPOINT FOR #1 RELIEF VALVE
24 7.89444D6 PSRV2 PRESSURE SETPOINT FOR #2 RELIEF VALVE
25 7.86686D6 PSRV3 PRESSURE SETPOINT FOR #3 RELIEF VALVE
26 7.90823D6 PSRV4 PRESSURE SETPOINT FOR #4 RELIEF VALVE
17 8.6003D6 PSRV5 PRESSURE SETPOINT FOR #5 RELIEF VALVE
v

4

' ADS LOGIC (128-130)
, ____ ____

v***** NOT USED IN MELCOR
**NOT_,IN_MELCOR**e

t

38 54.79DO ZLADS LOW WATER LEVEL FOR ADS INITIATION
****** NOT USED IN MELCOR

**NOT_IN_MELCOR**=

6

29 115.13D3 PSADS HIGH DRYWELL PRESSURE SET POINT FOR ADS
****** NOT USED IN MELCOR

**NOT_IN_,MELCOR***
*

30 105.DO TDADS TIME DELAY FOR ADS ACTUATION
****** NOT USED IN MELCOR

**NOT_IN_MELCOR**'
f

11 366.33D0 TCHPCI INLET TEMP LIMIT TO TRIP HPCI OFF.
t***** NOT USED IN MELCOR

**NOT_IN_MELCOR**-

.

2 27.88D0 ZCLHPS PUMP CENTER LINE ELEVATION FOR HPCS
***** NOT USED IN MELCOR

**NOT_IN_MELCOR**-

.

3 27.8800 ZCLLPI PUMP CENTER LINE ELEVATION FOR LPCI
***** NOT USED IN MELCOR

**NOT_IN_MELCOR**

4 27.88DO ZCLLPS PUMP CENTER LINE ELEVATION FOR LPCS
***** NOT USED IN MELCOR

**NOT_IN_MELCOR**

5 366.33DO TCRCIC INLET TEMP LIMIT TO TRIP RCIC OFF.
***** NOT USED IN MELCOR

**NOT_IN_,MELCOR**

6 300.00 TWSW SERVICE WATER TEMP (RHR HEAT EXCHANGERS,TCOLD)'
***** NOT USED IN MELCOR

**NOT_IN_MELCOR**

7 1.DO TDDG1 HPCS DELAY TIME FOR DIESEL LOADING
***** NOT USED IN MELCOR

**NOT_IN_MELCOR**
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if :j 3 8i . |11.D0 zTDDG2. LPCI DELAY TIME FOR DIESEL IDADING 4~

*

wooooc*?NOT USED#IN MELCOR- ...
T*,'y ^ * *NOT_,IN_,MELCOR* *
65

'

S39c .. 11.DO TDDG3 LPCS DELAY TIME FOR DIESEL-LOADING'

L****** .NOT USED IN MELCOR
* -**NOT_,IN_MELCOR**.,. -

.40! :0.0 'NOT USED
1****** NOT USED IN MELCOR
o" * *NOT,,,IN_,MELCOR* *

t

- 0

-'41". 0.0 NOT USED
'****** NOT USED IN MELCOR ,,

* **NOT_,IN_MELCOR**
3 <

"42L . 0.0 NOT.USED
'#***** NOT USED IN MELCOR
:*' -* *NOT_IN_,MELCOR* *
.o

,

'*

*1 ALTERNATE INJECTION OR.DRYWELL SPRAY FROM OUTSIDE WATER SOURCE (143-163)
e ________________-_____-________________--_____________________
******'NOT USED'IN MELCOR

' 0 * *NOT_,IN_,MELCOR* *
.- o.

2431 1.35D5 HWHPSW ENTHALPY OF ALT INJECTION.OR SPRAY
~44- 1.D-3 VWHPSW SPEC VOL OF ALT INJECTION OR SPRAY

S45-L1.D10 PHPSW(1) PPS VS. . VOLUMETRIC FIDW FOR ALT ' INJECTION
'

- 46.''1.D10 'PHPSW(2) ,

47 1.D10 PHPSW(3)
'48 1.D10' PHPSW(4),

.

L 49 - 1. D10; PHPSW(5) N

50 .1.D10 PHPSW(6)
.51,;1.D10 'PHPSW(7)
'.5 2, - 1. D10 PHPSW(8)
53e .284DO WVHPSW(1)

,!54 ,. 284DO -WVHPSW(2)
-5511 284DO. WVHPSW(3).

r

75 6 . '. 2 8 4 D0 '. . WVHPSW(4)-
-57 .. 2 8 4 D O. WVHPSW(5)

'284DO WVHPSW(6)-E 58. .

59; .284DO .WVHPSW(7)-

'50 284Do WVHPSW(8)-
2

cSli 1.D10 PDWSPR:DRYWELL' PRESSURE SETPOINT TO INITIATE MARK III ~

? '
32i 1.D10 PWWSPR WET 4 ELL PRESSURE SETPOINT'TO INITIATE MARK III

y53' 0.DO; TDSPR'.TIHE DELAY FOR: MARK III CONTAINMENT SPRAYS
'

:n

' kt SRV DES.D BANDS
' ''

'
s

",e' __ . . _- _

Li4' 2.413D5 PDSRV1' DEAD BAND;FOR SRVil.
:35 :2.413D5- 'PDSRV2 DEAD BAND |FOR SRVf21
'i6' 2.413D5 ' PDSRV31 DEAD BAND ~ FOR SRVf 3

'

317 .' 2 . 413 DS PDSRV4' DEAD BAND FOR SRVf4- _,

58a '2.413D5 PDSRV5 DEAD BAND FOR|SRVf5
.

. t-

I

0 f,lHPCI AND RCIC: STEAM: FLOW.TO TURBINESEVS PRESSURE POINTS APPEARING(169-207)'
;p ,;_ ..__- _--_ _ _. . . _.-- .. _. . _-_____.

. 4 i -

,

,

l_.
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Ecco$j ,.ceINOT USED IN:MELCOR.
'

.

%c', ' * *NOT_,IN,_HELCOR* * a
<

.,

' "

L 59 ; $7'.48'D6 L PTURHP(1)'.PPS-PWW.VS. STEAM FLOW TO.HPCI TURBINE
?70 7.928D5 PTURHP(2) ., M%71t-:7.928D5 PTURHP(3)-

>

L72 ' 37.928D5 - PTURHP(4) '

E73 : .7.928D5 PTURHP(5)'
L74 ' 17.928D5 PTURHP(6)

, 4

475J17.928D5
'

PTURHP(7)
37 6 .7.928D5 PTURHP(8)

+

c77: 23.DO. WSTHPI(1)
u78 ; ?l2.D0' WSTHPI(2)
j79 12.D0 WSTHPI (3)'

-

9230' 12.D0- WSTHPI(4) ,

K'31 12.DO - WSTHPI(5) .'

.N' ? 3 2 '' 12 . DO . WSTHPI(6)
(33|;12.DO ~ WSTHPI(7)' ''

; o.3 4 ' , .12 . D0 WSTHPI(8).
'135 7.7D6 PTURRI(1) PPS-PWW VS. STEAM FI4W TO RCIC TURBINE

' ''
?36:, 1.013D6 PTURRI(2) 9.37J 1.013D6 PTURRI(3)
E381 1.013D6 PTURRI(4)

-

'39L 1.013D6 . PTURRI(5) .

.90 71'.013D6 ' PTURRI(6)
91 1.013D6 PTURRI(7) 'j

,

92, 1.013D6 PTURRI(8) .

1?93L 3.5D0- WSTRCI(1)
09 4' 1.0D0 WSTRCI(2) <

:

' +1, 95 - 1.0D0 WSTRCI(3) .

i''

, ;96 ; '1. 0D0 WSTRCI (4 )
4,97 " 1.0D0' ' WSTRCI(5)
;38., 1.ODO WSTRCI(6). A

,.

,i ) 9 1.0D0' . WSTRCI(7)-
307'1.ODO WSTRCI (8) . .

. .t
c)1(11.1355D6 PHTURH HIGH HPCI TURBINE EXHAUST PRESSURE IN THE WETWELL- -

32- 3.77D5 PHTURR HIGH RCIC TURBINE EXHAUST PRESSURE IN THE WETWELL
..

.

%;'
-6' ,

f)3: LO'.DO' ' NOT USED .

'

;,

a4 /3.202D6 PHLPCI HIGH RPV PRESSURE TO INITIATE LPCI '(ON) -
PHLPCS HIGH. RPV PRESSURE TO . INITIATE LPCS -(ON) . y ,

'

{)5' 3.202D6 :

:|)6! 133.64Do ZHISP: HIGH SUPP'.> POOL LEVEL FOR.-HPCI/HPCS/RCIC: SUCTION 1 4*
'

~ '

2 )7L ' O. D0 - ZLSPR LOW WATER ~ LEVEL-FOR INITIATION OF' AUTO
a -

t'

a RHR) HEAT EXCHANGERS- (208-224)
'

n

gf . . .. .

:'

pecesc* .NOT EUSED:IN MELCOR- .

'

'j' **NOT,,,IN_,MELCOR**-
'

' .

:1 >1

%8 0.DO' NTHX NUMBER'OF TUBES'IN RHR HTX ?
' 3 9 ' 0 '. D0. - NBHX NUMBER'OF. BAFFLES IN RHR HTX
'(O 0.DO XIDTHX TUBE ID'FOR RHR HTX a?

.1M 0.DO- XTTHX TUBE WALL: THICKNESS FOR RHR HTX !

i,2 10.D0 XTCHX -TUBE CENTER TO. CENTER. SPACING FOR RHR HTX .

.3 ^0.DO . XSHX .SHELL' LENGTH'FORiRHR HTX- AI,

,

:;4..O.DO. RGFOUL FOULINGiFACTOR FOR RHR HTX .
,j

.5 O.DO KTHX THERHALLCONDUCTIVITY FOR TUBE. WALL (RHR HTX)
' '

'.6?L0;DO : XBCHX- BAFFLE CUT' LENGTH FOR RHR HTX .
,

<

j XIDSHX' SHELL <ID FOR .RHR HTX- ['
'

07;s;0.DO' 1

.
:.o

' i.,.,i g (

-

,e, <m__. . . _ _ ,mm.. , ,.y,,.s._,



e

'L8- 0.D0 XSTHX BUNDLE TO SHELL GAP LENGTH FOR RHR HTX
L9 .65400 NTUHX1 NTU FOR RHR HTX #1

'20 .654D0 NTUHX2 NTU FOR RHR HTX #2
21 2.00 NHX1 NUMBER OF RHR LOOP #1 HTX
12 2.DO. NHX2 NUMBER OF RHR LOOP #2 HTX
'!3 1.D0 FHX TYPE OF RHR HTX(1= STRAIGHT TUBE,2=U TUBE)

224 21.6D3 TDBATT BATTERY OPERATION TIME FOLLOWING STATION BLACK-OUT
'cccc* NOT USED IN HELCOR (LOCK OFF HPCI & RCIC IN THE INPUT DECK AFTER 6 HRS)
34 28.8D3 **USE_MAAP_ DATA ** 8 HRS (6 HRS = 21.6D3)
*

6 PUMP NPSH CURVES (233-253)
.. ________________
-*cccc* NOT USED IN MELCOR

**NOT_IN_MELCOR***

13 0.D0 ZHDLPI NPSH CURVE FOR LPCI VS. FLOW (ABOVE)
14 0.D0 (METERS)
15 0.D0

~16 7.808D0
37 7.9768DO
18 8.213DO
39 8.375D0
10 8.79600
11 0.DO ZHDLPS NPSH CURVE FOR LPCS VS. FLOW (ABOVE)

,

42 7.969DO
I 43 8.024DO

14 '8.076D0
15 8.134D0
16 8.381D0
47 9.116DO
18 10.64DO.
19 27.88D0' CENTER LINE ELEVATION FOR RCIC FJMP
50 27.88DO CENTER LINE ELEVATION FOR HPCI PUMP
e

il 0.0 NOT USED
52 0.0 NOT USED
13 0.0 NOT USED
f

' DRYWELL GAS COOLERS (254-269)
, ___________________

'cccC* NOT USED IN MELCOR
* *NOT_IN_,MELCOR* *'

14 305.DO' TGDWHX(1) COOLING CURVE FOR DRYWELL COOLERS
|- 15 446.D0 TGDWHX(2) TEMP IN DRYWELL VS. HEAT LOSS RATE ~ (J/S)

16 500.D0 TGDWHX(3)
17 600.00 TGDWHX(4)
18- 700.DO TGDWHX (5)
19 800.DO TGDWHX(6)
;0 900.00 TGDWHX(7)
1 950.D0 TGDWHX(8)
2 0.D0 QGDWHX(1) HEAT LOSS RATE FOR DRYWELL COOLERS (J/S).
3 2.D6 QGDWHX(2)
'4 2.D6 QGDWHX(3)
5. 2.D6 QGDWHX(4)
6- 2.D6 QGDWHX(5)

'7 2.D6 QGDWHX(6)
! 8 2.D6 QGDWHX(7)

9- 2.D6 QGDWHX(8)!



o

70 '7.68760D6 PSRVL1 LOW END PRESSURE SETPOINT FOR #1 RELIEF VALVE
71' 7.70828D6 PSRVL2 LOW END PRESSURE SETPOINT FOR f2 RELIEF VALVE
72 7.75655D6 PSRVL3 LOW END PRESSURE SETPOINT FOR #3 RELIEF VALVE
73 7.90823D6 PSRVL4 LOW END PRESSURE SETPOINT FOR f4 RELIEF VALVE
74 8.4279D6 PSRVL5 LOW END PRESSURE SETPOINT FOR #5 RELIEF VALVE
.
k

scooce***********************************************************************
* SHUTDOWN COOLING SYSTEM (SCS) (275-296) (AC)
koooc**************************************************************==BEGIN==
occcc* NOT USED IN MELCOR
0 **NOT_IN_MELCOR**

75 3.0 NSCSP NUMBER OF SHUTDOWN COOLING SYSTEM (SCS) PUMPS
34 4.259D-1 WVSCS (1) CONSTANT SCS VOLUMETRIC FI4WRATE
32 0.0 TDSCS TIME DELAY FOR SCS OPERATION ONCE A
33 2.082D-1 WRBCC REACTOR BUILDING CLOSED COOLING WATER
34 2.94D2 TWRBCC RBCCW WATER TEMP (SCS HEAT.EXCHANGERS,
35 4.498D2 TCSCS RPV DOWNCOMER WATER TEMPERATURE WHICH WILL
36 1.289D5 PHSCS RPV PRESSURE PERMISSIVE FOR SCS OPERATION.
*
* coco *************************************************************************
* SCS HEAT EXCHANGERS (297-310) OPERATE WHEN SCS PUMPS ARE ON (AC)
*6000***************************************************************==BEGIN==
*c000* NOT USED IN MELCOR
* **NOT_IN_MELCOR**
*

97 2.368D3 NTSCHX NUMBER OF TUBES IN THE SCS HEAT EXCHANGER
98 1.0D1 NBSCHX NUMBER OF BAFFLES IN THE SCS HEAT EXCHANGER
99 1.656D-2 XIDTSC SCS HEAT EXCHANGER TUBE INNER DIAMETER
30 1.245D-3 XTTSC SCS HEAT EXCHANGER TUBE WALL THICKNESS
31 2.54 XTCSC SCS HEAT EXCHANGER TUBE CENTER TO CENTER
32 6.518 XSSC SCS HEAT EXCHANGER SHELL LENGTH
33 3.522D-4 RGFSC SCS HEAT EXCHANGER' FOULING FACTOR
34 1.73D1 KTSC SCS HEAT EXCHANGER THERMAL CONDUCTIVITY FOR
)5 3.1D-1 XBCSC SCS HEAT EXCHANGER BAFFLE CUT LENGTH
)6 1.5494 XIDSSC SCS HEAT EXCHANGER SHELL INNER DIAMETER
)7 2.445D-1 XSTSC SCS HEAT EXCHANGER BUNDLE TO SHELL GAP
38 0.0 NTUSC SCS HEAT EXCHANGER NTU.
39 3.O NHXSC NUMBER OF SCS HEAT EXCHANGERS
LO 2.0 FSCHX TYPE OF SCS HEAT EXCHANGERS,
f

fooco*************************************************************************
f

*000REV 7, PARAMETER SECTION * ADDITIONAL (f24) IS NEW
IT CONTIAINS ADDITONAL (NEW) ENGINELHED SAFEGUARDS INPUTS'

f

tDDITIONAL ENGINEERED SAFEGUARDS
f

, ___ __________

INJECTION LOGIC'
. ______________

,

60.O ZiUIPCI ELEVATION OF HIGH DOWNCOMER WATER LEVEL TO TRIP OFF.

HPCI-

! 60.0 ZHRCIC ELEVATION OF HIGH DOWNCOMER WATER LEVEL TO TRIP OFF
RCIC

1 60.0 ZHHPCS ELEVATION OF HIGH DOWNCOMER WATER LEVEL TO TRIP OFF
HPCS*



c.
4. 59.49 ZWSHCD DESIRED WATER LEVEL FOR CONTROLING HPCI & RCIC FLOW
o .:

5 : 0.34D6 PLIMSP(1) TABLE FOR HEAT CAPACITY TEMPERATURE LIMIT CURVE ( HCTL )
'6. 0.34D6 PLIMSP(2)
'7' O.41D6 PLIMSP(3)
8 0.69D6 PLIMSP(4)

'9 1.7906 PLIMSP(5)
0 3.1006 PLIMSP(6)

:1 4.83D6 PLIMSP(7)
2 7.42D6 PLIMSP(8)
3 3.78D2 TLIMSP(1)
,4 3.67D2 TLIMSP(2)
5 3.64D2 TLIMSP(3)
6 3. 61D2 TLIMSP(4)
7 3.55D2 TLIMSP(5)
8 3.50D2 TLIMSP(6)
9- 3.44D2 TLIMSP(7)
0 3.37D2 TLIMSP(8)
b-

1 62.0 ZHFW HIGH WATER LEVEL TO TRIP FEEDWATER
e
e --..
O RWCU
a ----
o

2- 3.O NRWCU NUMBER OF REACTOR WATER CLEANUP PUMPS ( 0.0 - 4.O, 3.0-)
~3 0.43 WVRWCU CONSTANT RWCU VOLUMETRIC FLOW RATE FOR EACH, PUMP
o ( 0.41 - 0.44, 0.43)
4 0.0 TDRWCU TIME DELAY FOR RWCU OPERATION ONCE AN INITIATION SIGNAL
o RECEIVED ( 0.0 - 30.0, 0.0 )
5 1000. NTRCHX NUMBER OF TUBES IN ONE RWCU HEAT EXCHANGER
* ( 0.0 - 3000.0, 1000. )
6 10. NBRCHX NUMBER OF BAFFLES IN ONE RWCU HEAT EXCHANGER
* ( 0.0 - 15.0, 10. )
7 0.01656 XIDTRC RWCU HEAT EXCHANGER TUBE INNER DIAMETER
e ( 0.0 - 0.0254, 0.01656 )
3 0.001245 XTTRC RWCU HEAT EXCHANGER TUBE WALL THICKNESS
* ( 0.0 - 1.65D-3, 1.245D-3 )
9 .0.0254 XTCRC RWCU HEAT EXCHANGER TUBE CENTER TO CENTER SPACING
e- ( 0.0 - 0.032, 0.0254 )
3- 6.518 XSRC RWCU HEAT EXCHANGER SHELL LENGTH ( 0.0 - 16.2,-6.518 ).
1 3.522D-4 RGFRC RWCU HEAT EXCHANGER. FOULING FACTOR

( 0.0 - 1.0D-3, 3.522D-4-)*

'1 17.3 KTRC RWCU HEAT EXCHANGER TUBE WALL THERMAL CONDUCTIVITY
.* ( 0.0 - 18.0, 17.3 )
3- _0.31 XBCRC RWCU HEAT EXCHANGER BAFFLE' CUT LENGTH ( O.0 - O.5, O.31-)
I 1.5494 XIDSRC RWCU HEAT EXCHANGER SHELL INNER DIAMETER
k- ( 0.0 - 2.0, 1.5494 )
3 0.02 XSTRC RWCU HEAT EXCHANGER BUNDLE TO SHELL GAP LENGTH

( 0.0 - 0.05, 0.02-)e

i 0.0 NTURC NTU FOR HEAT EXCHANGER ( 0.0 - 1.5, 0.0 )
2.0 FRCHX TYPE OF RWCU HEAT EXCHANGER ( 1.0 - 2.0, 2.0 )'

* 1 = STRAIGHT TUBE, 2 = U. TUBE
I 0.0 ZLRWCU RWCU TRIP OFF LEVEL
,

e

, ______..... --

' DRYWELL-COOLER
. ..______.-----



9 3.0 NFN NUMBER OF DRYWELL COOLERS (3 )
*

0 20.0 WVFNO VOLUMETRIC FLOW RATE OF EACH DRYWELL COOLER ( 20 )
1 5.0 TDFAN TIME DELAY FOR DRYWELL COOLERS (5)
2 1200. NTFC NUMBER OF TUBES IN EACH DRYWELL COOLER ( 1200 )
3 180. ATFC OUTSIDE AREA OF ALL TUBES IN EACH DRYWELL COOLER ( 180 )
4 1500. AFINFC AREA OF ALL FINS IN EACH DRYWELL COOLER ( 1500 )
5 0.5 FFINFC DRYWELL COOLER FIN EFFICIENCY ( 0.5 )
5 0.001 RGFLHX DP.YWELL COOLER INSIDE FOULING FACTOR ( 0.001 )
7 0.05 XDFNFC DRYWELL COOLER FIN DIAMETER ( 0.05 )
9 0.001 XTTFC DRYWELL COOLER TUBE THICKNESS ( 0.001 )
9 240. KTFC DRYWELL COOLER THERMAL CONDUCTIVITY ( 240 )
0 10. AFL}DiF MINIMUM FLOW AREA THROUGH DRYWELL COOLER ( 10 )
1 0.015 XIDTFC DRYWELL COOLLER TUBE INSIDE DIAMETER ( 0.015 )
2 5.0 NREGFC NUMBER OF NODES USED TO MODEL EACH DRYWELL COOLER ( 5 )
3 310. TCWHX INLET COOLING WATER. I.E. SERVICE WATER TEMPERATURE TO
* DRYWELL COOLER ( 310 )
4 110. WCWFC INLET COOLING WATER FLOW RATE TO EACH DRYWELL COOLER
* ( 110 )
5 8.D5 PHDWDC HIGH DRYWELL PRESSURE TO TRIP DRYWELL COOLER ( 8.D5 )
.

*****************************************************************************
*000REV 7, PARAMETER SECTION * ISOLATION (#30) IS NEW
* IT CONTIAINS INPUT PARAMETERES FOR ISOLATION CONDESER
*

ISOLATION CONDENSER
*
1 -1. VOLIC VOLUME OF ISOLATION CONDENSER
2 81583. MWICI INITIAL MASS OF WATER IN ISOLATION CONDENSER
3 300. TWICI INITIAL WATER TEMPERATURE IN ISOLATION CONDENSER
4 0.0 PPSIC(1) TABLE OF PRESSURE VS. HEAT TRANSFER RATE IN ISOLATION
3 1.D5 PPSIC(2) CONDENSER
5 1.D6 PPSIC(3)
7 8.D6 PPSIC(4)
3 9.D6 PPSIC(5)
) 1.D7 PPSIC(6)
1 2.D7 PPSIC(7)
) 3.D7 PPSIC(8)
L 0.0 QIC1(1)
! 0.0 QICl(2)
1 6.8D7 QICl(3)
1 7.56D7 QICl(4)
i 7.57D7 QICl(5)
i 7.58D7 QICl(6)

7.59D7 QIC1(7)'

1 7.60D7 OICl(8)
> 2.29 ZWMAKE WATER LEVEL TO WHICH THE MAKE-UP WATER FILLS THE IC

0.0 WWMAKE FLOW RATE OF MAKE-UP WATER
1.25DS HWMAKE ENTHALPY OF MAKE-UP WATER
48.1 AIC FLOOR AREA OF THE ISOLATION CONDENSER

!
1.01D5 PICI INITIAL PRESSURE INSIDE THE ISOLATION CONDENSER
0.01 ARUPIC TUBE RUPTURE AREA
1.00 XZTUB HEIGHT OF THE TUBES ABOVE THE FI.COR OF IC.

0.1 AVEN AREA OF THE ISOLATION CONDENSER VENT
'

|
,

!.*ece************************************************************************
NOTES FOR THE FOLLOWING SECTIONS: |

|

._.



g.

I

c. 1) SEDIMENTATION
c SEDIMENTATION AREA IS THE TOTAL HORIZONTAL AREA IN THE
0: PARTICULAR REGION IN WHICH AEROSOLS CAN SETTLE. A GOOD
0 APPROXIMATION IS 2 * FLOOR AREA.
* 2) IMPACTION .. .

4

IN ORDER FOR IMPACTION TO BE EFFECTIVE THE TARGET MUST BE R*
~* OF A RELATIVELY SMALL WIDTH (<.01 (M]) TYPICALLY THIS IS USED I

TO MODEL THE IMPACTION ON GRATING WITHIN THE PLANT. FOR EXAMPLE*
* A SECTION OF GRATING 1 (M2) IN AREA COULD BE MADE UP OF H

e .003 (M) WIDE STRIPS OF STEEL SPACED .1 (M) APART. THE TOTAL
IMPACTION AREA WOULD THERFORE BE (.003 (M) * 1 (M) * 10 STRIPS).*

*- = .03 [M2). THE GRATE DIAMETER (OR WIDTH) IS .003 (M) AND u
'

* THE GAS FLOW AREA THROUGH THE GRATE IS (1 (M2] .03 (M2])
'

* = .97 (M2).nocoo*************************************************************************
*

* coco ************************************************************************
JRYWELL j

vococ**************************************************************==BEGIN== 1

e |

**01 .5DO RELHDW INITIAL RELATIVE HUMIDITY IN DRYWELL i

**coc* 0.5 PER MEETING WITH BHL ON 02/08/91 |

1 0.5 ** KEEP _ITS_OWN**
* I

*c02 4841.D0 VOLDW FREE VOLUME OF DRYWELL,

**cc0* 4235 CV100B4 (4841-281) ,

'

2 4560.00 **USE_MELCOR_ DATA ** PER MEETING WITH BNL ON 02/08/91
a

**03 36.55D0 ZDWF ELEVATION AT DRYWELL FLOOR j

tococo -8.635 HS10002002 -.

3 36.555 **USE_MELCOR_ DATA ** (ZBV-8.635)
=

'c04 84.D0 ADWF AREA OF DRYWELL FLOOR
****** 132.0 PER CONFERENCE CALL WITH BNL ON 02/11/91
1 132.0 **USE_MELCOR_ DATA **

c05 37.24D0 ZWDWWW ELEVATION OF DRYWELL-WETWELL WALL
;'60000 ~5.59 CV150B4
i 39.60D0 **USE_MELCOR_ DATA ** (ZBV-5.59)

.,.

i 0.D0 NIGDW NUMBER OF IGNITERS IN THE DRYWELL (MARK III ONLY) l

'cocc* NOT USED IN MELCOR
**NOT_IN_MELCOR**'

|

0.D0 XIGDW AVERAGE DISTANCE FROM IGNITERS TO CEILING (MARK II
'66006 NOT USED IN MELCOR

**NOT_IN_MELCOR**

0.DO ACHDW FLOOR BURN AREA
20000* NOT USED IN MELCOR

**NOT_IN_MELCOR**

09 557.0 ASEDDW AEROSOL SEDIMENTATION AREA
0000* 1735.80 HS10001500
09 132.0 **USE_MAAP_ DATA ** PER ROC WITH BNL ON 02/11/91

99.5 **USE_MELCOR_ DATA ** PER ROC WITH J.VALENTE/BNL ON 02/25/91

010 0.0093 ADWLEK DRYWELL VENT OR FAILURE AREA
0000* O.102 FL40001

0.10 **USE_MELCOR_ DATA ** AGREE WITH BNL 12/13/90

b
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'
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'

v.;.
, 31 V , S,.10.O cAIMPDW" .DRYWELL TOTAL ~ IMPACTION. AREA 3"'4

"
c|.oce*c*'NOT USED;INiMELCOR '

* '

yo$g **NOT;IN_MELCOR** q
u

N2[ggMbf.003
.

;XDIMDW- DRYWELL MINIMUM GRATE DIAMETER''(OR THICKNESS)2 -

v3s ,

4-Je***** NOT USED IN.MELCOR'
1,Tom **NOT IN MELCOR**' . ,w

' '

, <- -

4s
[3 .1 '. ' 5 0.~ 0 . -AGRADW 'DRYWELL FLOW AREA THRU GRATE y

W$****** NOT:USED IN MELCOR
%| M

^

**NOT_IN_MELCOR** c
<

>

:,f ,;e>

, ;4L
..

1.D-3 XDDROP ' SPRAY DROPLET DIAMETER'
3***** NOT USED IN.MEICOR- ,

,

-

4*i **NOT_IN_MELCOR**
'j*

.5- 14.02D0 XHSPDW SPRAY FALL HEIGHT IN DRYWELL
'****** NOT USED IN MELCOR '

,
'

1*?' **NOT IN~MELCOR**t
e

3*,

n**16- '9.0794D5 PCFAIL CONTAINMENT FAILURE PRESSURE [,
O.L*ce*** 9.1D5 CP15003. .

:9.08D5 * *US E_MELCOR_, DATA * * AGREE WITH BNL 12/13/90,[~ . *6 ,
: -

1?. 10.5. 'XRBRDW . CHARACTERISTIC RADIUS OF..DRYWELL FORLH2 BURNS'7
****** NOT USED IN'MELCOR:' 1

.

': # ' **NOT_IN_MELCOR**
'

emn
'81 30.74 XHBRDW CHARACTERISTIC HEIGHT OF'DRYWELL FOR H2[. BURNS E9s
****** NOT USED IN MELCOR N*

.

Le **NOT_IN_MELCOR** <

,

.v ' *
'

'

T *****************'******************************************************. # ,

NETWELL . . '

q
'

'

ve***********************************************************==BEGIN== '

;'

,.

**01' 28.65D0 ZWWF. ELEVATION AT WETWELL1 FLOOR f[- ,

iU ~f3.***** -16.38 CV401B1 .

'

-

L 28.81D0 **USE_MELCOR_ DATA ** .(ZBV-16.38)' g,'

y,

9002 .169DO AVB FIDW AREA THROUGH VACUUM BREAKERS' ' 's4

*a ."
<******10.155 FLO2101 _(1.86/12)

'

'

' t !c ,0;155 **USE_MELCOR_ DATA **' ,

. .

~,e s; -

"T , 12.ODO NVB- NUMBERLOF VACUUM. BREAKERS' h: <$
?***** : NOT! USED IN MELCOR <mJ |

'

Jf v3 **NOT_IN_MELCOR** r

* :':: ,
...

" t* 04 : . 3'447D3 PSETVB .- PRESSURE SETPOINT..FOR VACUUM: BREAKERS-
>

.

-'***** 3.447D3 TF03012 'g".,

ws -3.447D3 **KREP-ITS OWN**
[* . .

. . .

.-, ;

H Lt . . 2.757D3. PDVB DEAD-BAND FOR VACUUM BREAKERS 4
- " .9 :.***|**~NOT USED'IN MELCOR . '

, '

Mu **NOT_IN_MELCOR**. .

:t , y
,

' Lt*06 7419DO . .VOLWW . FREE VOLUME OF WETWELL. (MARK II AND- MARK III ONLY. "

,U'*****17132.5 ;CV200BC: . ,e'

u

C'N , ' ' . 7132.5 :**USE MELCORiDATA**L3 ,

pg* <?.
, ,

k {( y g; W( '

4 , ,Qt+ i ,,,
,



L

o-
-cQ07 1.DO RELHWW RELATIVE HUMIDITY IN WETWELL
0000c* PER ROC WITH LEV NEYMOTIN (BPL) ON 01/31/91
7- 0.5 **USE_MELCOR_ DATA **
o

S. O.DO NIGWW NUMBER OF IGNITERS IN THE WETWELL (MARK III ONLY)
ccccc* NOT USED IN MELCOR'

**NOT_IN_MELCOR***
c.

,

9 0.DO XIGWW AVERAGE DISTANCE FROM IGNITERS TO CEILING (MARK II
*cccc* NOT USED IN MELCOR
* **NOT_IN_MELCOR**
c
0 0.DO ACHWW FI40R BURN AREA
eccccc NOT USED IN MELCOR

! * * *NOT_IN_l'ELCOR* *
'

1 0.DO AWWF AREA OF WETWELL FLOOR (MARK II)
****** NOT USED IN MELCOR
' , * **NOT_IN_MELCOR**

*12 929.O ASEDWW AEROSOL SEDIMENTATION AREA
****cc 1584.0 HS20001500
2 1584.0 **USE MELCOR_ DATA **-
,

3 .0093 ACVENT WETWELL VENT OR FAILURE AREA (COMPT B FOR MARK III,

' **ccco NOT USED IN MELCOR
* **NOT IN MELCOR**

- -
,

4 10.O AIMPWW WETWELL TOTAL IMPACTION AREA
*****c NOT USED IN MELCOR
* * * NOT_,IN_,MELCOR * *

3 .003 XDIMWW WETWELL MINIMUM GRATE DIAMETER (OR THICKNESS)
****cc NOT USED IN MELCOR

* * NOT_,IN_,MELCOR * *

i 50.O AGRAWW WETWELL FI4W AREA THRU GRATE ,

'**cco NOT USED IN MELCOR I

**NOT_IN_MELCOR**

f 3.66DO XHSPWW SPRAY FALL HEIGHT IN WETWELL
'c0000 NOT USED IN MELCOR

* *NOT_,IN_MELCOR* *e

1 0.DO ZCFAIL ELEVATION OF CONTAINMENT VENT IN WETWELL (MII ONL
icococ NOT USED IN MELCOR

**NOT_,IN_MELCOR**t

' c19 28.8DO ZSRVD AVERAGE ELEVATION OF SRV DISCHARGE IN SUPP POOL
ccccc -15.01 FL36200

30.18 **USE_MELCOR_ DATA ** (ZBV-15.01) ,

i

0 PCFM3 FAILURE PRESSURE OF CONTAINMENT OR ZERO
ococc NOT USED IN MELCOR

**NOT_IN_MELCOR**

21.3 XRCONT CONTAINMENT RADIUS
cocco NOT USED IN MELCOR ,

**NOT_IN_MELCOR**



*

2 425. NHOOPW NUMBER OF TENDONS IN HOOP DIRECTION IN THE LENG
****** NOT USED IN MELCOR
* **NOT_IN_MELCOR**
*
3 .01399 XTREHW VOLUME OF REBAR PER UNIT AREA OF OUTER WALL (EQ
****** NOT USED IN MELCOR
* **NOT_IN_MELCOR**
*

4 .0156 XTREZW VOLUME OF REBAR PER UNIT AREA OF OUTER WALL (EQ
****** NOT USED IN MELCOR
* **NOT_IN_MELCOR**
*

5. .06EO XDHOPW DIAMETER OF HOOP TENDONS
****** HOT USED IN MELCOR

**NOT_IN_,MELCOR***
*

6 50. ZWCYL HEIGHT OF THE CYLINDRICAL PART OF THE WETWELL W
****** NOT USED IN MELCOR
* **NOT_IN_MELCOR**
*

7 .3 XDZFW DISPLACEMENT IN AXIAL DIRECTION WHICH IS SUFFIC
****** NOT USED IN MELCOR

**NOT_IN_MELCOR**'*

e

:8 .3 XDRFW SAME AS 27 FOR THE RADIAL DIRECTION
f****** NOT USED IN MELCOR
** **NOT_IN_MELCOR**
'*

9 1.O NTENZ NUMBER OF TENDONS IN AXIAL DIRECTION
* * ** * * * NOT USED IN MELCOR

**NOT_IN_MELCOR***
,

*

O 1.0 XDTENZ DIAMETER OF TENDONS IN AXIAL DIRECTION
****** NOT USED IN MELCOR
* * *NOT_IN_,MELCOR* *
*
1 4.72 XRBRWW CHARACTERISTIC RADIUS OF WETWELL FOR H2 BURNS
****** NOT USED IN MELCOR
* **NOT_IN_MELCOR**

j*

2 4.72 XHDRWW CHARACTERISTIC HEIGHT OF WETWELL FOR H2 BURNS
'

****** NOT USED IN HELCOR
**NOT_IN_MELCOR***

*

***********************************************************************
PEDESTAL (01-22) ***==BEGIN==
**********************************************************R PEDESTAL****** NOT USED IN MELCOR === ADD A CONTROL VOLUME FO

**NOT_IN_MELCOR** (01-22)*
i

$ 2.917D1 APDF AREA OF PEDESTAL FLOOR
2 4.5DO APDVT AREA OF PEDESTAL-DRYWELL OPENING

I*03 2.40D2 VOLPD VOLUME OF PEDESTAL
****** 240.0 PER MEETING WITH BNL ON 02/08/91 |

3 240.0 **USE MAAP DATA ** '

,*
!

ec04 36.55DO ZWPDDW ELEVATION OF WALL BETWEEN PED AND DRYWELL
****** -8.635 HS10004002

,



_ _ .

<

i

c00000 02/18/91, TO PREVENT CORIUM SPILL OVER TO DW, ZWPDDW=(ZPDF+1.063)=37.16
.4 36.555 **USE_MELCOR_ DATA **

L *05 36.3500 ZPDF ELEVATION AT PEDESTAL FLOOR ;

ococc* -9.093 CV100B1 (HS10004002) ? ,

5 36.097 **USE_MELCOR_ DATA ** !

e

6 .5D0 RELHPD INITIAL RELATIVE HUMIDITY IN PEDESTAL
7 0.D0 NIGFD NUMBER OF IGNITERS IN THE PEDESTAL ;

1

8 0.D0 XIGPD AVERAGE DISTANCE FROM IGNITERS TO CEILING
9 0.DO ACHPD FLOOR BURN AREA
0 0.D0 XWPDVT WIDTH OF PEDESTAL DOOR (MARK II ONLY) l

*

1 0.DO ADCPD AREA OF A PEDESTAL DOWNCOMER IF ANY
****** NOT USED IN MELCOR

**NOT_IN_MELCOR***

*
2 0.D0 NDCPD NUMBER OF DOWNCOMERS IN PEDESTAL IF ANY ,

****** HOT USED IN MELCOR I

* **NOT_IN_MELCOR**

3 2.DO XIIPDDW DISTANCE BETWEEN UPPER AND LOWER VENTS FOR
* * * * * * NOT US E D IN ME LCOR
* **NOT_IN_MELCOR** ;

e

4 32.50 ASEDPD AEROSOL SEDIMENTATION AREA
*** coo NOT USED IN MELCOR
* **NOT_IN_MELCOR**

,

|
*
5 3.0 AIMPPD PEDESTAL TOTAL IMPACTION AREA
6 .003 XDIMPD PEDESTAL MINIMUM GRATE DIAMETER (OR THICKNESS)
7 30.0 AGRAPD PEDESTAL FLOW AREA THRU GRATE
8 1.D10 ZWPDWW PEDESTAL-WETWELL OVERFLOW ELEVATION,

3 2.917D1 APSUMP AREA OF PEDESTAL SUMP
3 36.35DO ZPSUMP ELEVATION AT BOTTOM OF PEDESTAL SUMP
1 3.86 XRBRPD CHARACTERISTIC RADIUS.0F PEDESTAL CAVITY FOR H2 BURNS _;

2 8.84 XHBRPD CHARACTERISTIC HEIGHT OF PEDESTAL CAVITY FOR H2 BURNS -

=

4000*******************************************************************
TORUS AND MARK II WETWELL
*************************************************************==BEGIN==
n

1 4.72D0 XRTOR MINOR RADIUS OF TORUS (MI ONLY)
****** NOT USED IN MELCOR

**NOT_IN_MELCOR** |*

'
i

1 106.7DO XLTOR CIRCUMIERENCE OF TORUS (MI ONLY) j

***cco NOT USED IN MELCOR |

* **NOT IN MELCOR**,

t

i .29200 ADC AREA OF DOWNCOMER (MI AND MII ONLY)
' * * * * * NOT USED IN MELCOR l

**NOT_IN_MELCOR** |'

> 1

96.D0 NDC NUMBER OF DOWNCOMERS (MI AND MII ONLY) i.

* * * * * * NOT USED IN MELCOR
** HOT _IN_MELCOR**

k O.D0 VSSTOR VOLUME OCCUPIED BY VENT HEADER AND VENT PIPES IN !!

roccco NOT USED IN MELCOR'



( .. . . , .
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% 'E .. -J **NOT_,IN_MELCOR**- .

,i<

:opw

.M)oo coo * e -12. 81*hd5 j 32.D0. LZBDC ' ELEVATION AT BOTTOM OF. DOWNCOMER '(MI AND MII ONLY): y
CV150B1!

'

.|
"f51 32.38 **USE ME1COR DATA ** (ZBV-12.81) 'l

'

.

s; ,
,

N*c07' 734. 74 D01 ZTDC? ELEVATION AT TOP OF DOWNCOMER (MI AND MII.ONLY)' I
-iq!******'-10.53- :CV150B2 -

"f7f 34.66 **USE_MELCOR_ DATA ** (ZBV-10.53) ')
' s ..

*#08" '28.8DO ZBTOR ELEVATION ~AT BOTTOM OF TORUS'(MI ONLY)~ < '

,

L80****;-16.38 CV200B1 y,

;3: 28'.81 **USE_MELCOR_, DATA ** (ZBV-16.38) ;

a 3|
I*009 ' 0.0168DO XTOR THICKNESS'OF TORUS SHELL (MI ONLY)
****** O.01588 PER' ROC WITH J.VALENTE/BNL ON 02/25/91.

J, O.01588 * *USE_MELCOR_, DATA * *
'

,

p

i' 5072.DO ATR AREA OF TORUS ROOM WALL (MI ONLY) .' '

*

"****** NOT USED IN MELCOR
'

;C **NOT_IN_,MELCOR**
.

*.
?**11 101342.DO PTR PRESSURE IN TORUS ROOM (MI ONLY)

'
-***ee* 101310 CV401A1

'

E11 101342.D0 **USE MAAP DATA **
ns -

-- ~ ' , .

"**12. 1.5D4 VOLTR FREE VOLUME OF TORUS ROOM (MI ONLY)
~****** 5426 CV401B2'

1 5426 **USE-MELCOR DATA **
..n.

.

i4613 : 3 4. 747DO ZVBTOR CENTER LINE ELEVATION OF VACUUM BRKRS(MI;AND MII)' '|
' . ****** -10.13 FLO2100i

F '35.06 **USE_MELCOR_ DATA ** (ZBV-10.13) ,

.

'' a
9 .015D0 X'IHDC ' THICKNESS OF DOWNCOMER PIPE (MII ONLY) J

.

'

l***** NOT USED IN MELCOR ,

**NOT_,IN_MELCOR** $'

'

;socce****************************f >***********************************.
*

9 SUPPRESSION POOL (MARKIII ONLY)-
.too00******************************u*+********************************* |

or.
. . . ,

, C4
.

c nce****************************************************************** '
4o-

COMPTA-(MARKIII-MIDDLE WETWELL COMPARTMENT) 0 .

jq.
1.6 ooc ****************************************************************** 3

j
,

!'90cce******************************************************************1 ,

-?
-

'COMPTB.'(MARKIII-UPPER WETWELL' COMPARTMENT) .. .
.. coco ******************************************************************,'

'

,

,. , .
t

Joooce*****************************************************************,
. ,

;NITIAL CONDITIONS.
,J ;6ece********************************************************==BEGIN== ,

s r .

:*01 .'3.293D9 QPOWER. CORE POWER >

. ***** 3'.293D9 TF07700'

3.293D9 ** KEEP _ITS_OWH**
'

.

.
. .i'

'*02: '7.033D6. PPSO INITIAL PRESSURE IN' PRIMARY SYSTEM
- l*****17.5207D6? CV3XOAl- .

a
i 1 < <

' ' ''
- _ . ,_, _ _L ,- ,_; , , -



7, ~ ,

'l '
,

.

I' .

t

'2i 7.033D6 ocOSE_MAAP_DATAc*
c-

-:0003 1.041D5 PPDO INITIAL PRESSURE IN PEDESTAL
00000* 1.97D5 CV150A1
3~ 1.041D5 **USE_MAAP_ DATA **
c
0c04 1.041D5 PDWO INITIAL PRESSURE IN DRYWELL
00000* 1.97D5 CV150A1
4 1.04105 **USE_MAAP_ DATA **

.c
:*005 1.041D5 PWWO INITIAL PRESSURE IN WETWELL

.

~00000* 1.97D5 CV200A1
:5 1.041D5 **USE_MAAP_ DATA **
'o

*c06 33.22D0 ZSPDWO INIT.ELEV. OF WATER LEVEL IN DW SIDE OF SUPP. POOL
000cc* -11.435 CV150A3 VWMELCOR=3549.0
6 33.31 **USE_MELCOR_ DATA ** PER MEETING WITH BNL ON 02/08/91
a

0007 33.22D0 ZSPWWO INIT.ELEV. OF WATER LEVEL IN WW SIDE OF SUPP. POOL
:*cocc* -11.435 CV200A3 VWMELCOR=3549.0
7 33.31 **USE_MELCOR_ DATA ** PER MEETING WITH BNL ON 02/08/91
e

**08 3.3D2 TGPDO INITIAL TEMPERATURE IN PEDESTAL,

'**cc0* 393.37 CV150A2
8 3.3D2 **USE_MAAP_ DATA ** ,

e
**09 3.3D2 TGDWO INITIAL TEMPERATURE IN DRYWELL
**coc* 393.37 CV250A2
9 3.3D2 **USE_MAAP_ DATA **

colo 3.05D2 TGWWO INITIAL TEMPERATURE IN WETWELL
'

* coco * 368.5 CV200A2
3 3.05D2 **USE_MAAP_ DATA **
*

*011 3.05D2 TWSPO INITIAL TEMPERATURE OF SUPPRESSION POOL WATER-
*0000* 372.8 CV200A2
1 3.05D2 **USE_MAAP_ DATA **
e.

2 59.49D0 ZWSHO INITIAL ELEVATION OF WATER IN THE SHROUD
tocco* NOT USED IN MELCOR

**NOT_IN_MELCOR***

=

1 0.DO MWCBO MASS OF WATER IN UPPER POOL (MARKIII ONLY)
'cocc* NOT USED IN MELCOR

**NOT_IN_MELCOR**'
,f.

| '.L 591.DO' VCSTO VOLUME OF WATER IN CONDENSATE STORAGE TANK
b . ecocc* NOT USED IN MELCOR

**NOT_IN_MELCOR**'-

t

: coco ******************************************************************
iTSINKS
'cocc********************************************************==BEGIN==

001 189.DO AHS1 AREA OF WALL f1 PEDESTAL-DRYWELL WALL
-ococ* 337.24 HS10004500 HS10003500+HS10004500

1104.62 **USE_MELCOR_ DATA ** (337.24+767.38)

'c 02 1507.D0 AHS2 ' AREA OF WALL #2 DRYWELL WALL
rocco* 1735.8 HS10001500



L

, .1 '

,f 3 1735.8 cGUSE_MELCOR_DATAcc
6.

~ '003 0.DO AHS3 AREA OF WALL f 3 DRYWELL FLOOR
' coco * 132.12 HS10002500

'. ) 132.12 **USE MELCOR DATA **
t.

'004 5073.DO AHS4 AREA OF WALL #4 TORUS ROOM WALL.(MI ONLY)
''0000* 4528. HSO400X500 (805+1391+1166+1166)
1- 4528. **USE_MELCOR_ DATA **

, v

:5409 1.3DO 1GIS1 THERMAL CONDUCTIVITY OF WALL #1
f*0000* 1.524 TF00612
; ). 1.524 **USE_MELCOR_ DATA **
'

=

tolo 1.3DO 1GIS2 THERMAL CONDUCTIVITY OF WALL #2
'cccc* 1.524 TF00612
): 1.524 **USE_MELCOR_ DATA **

'cil 1.3DO 101S 3 THERMAL CONDUCTIVITY OF WALL #3
'600c* 1.524 TF00612
L 1.524 **USE_MELCOR_ DATA **
t

'c12 1.3DO 1GIS4 THERMAL CONDUCTIVITY OF WALL #4
*cccc* 1.524 TF00612

.2 1.524 **USE_MELCOR_ DATA **
4

:*c17 1.32D0 XHS1 THICKNESS OF WALL #1
*cccc* 0.4055 ( (3 37. 24 ) (0. 5334 ) + (767. 38) (0. 3493) )/ (337. 24+7 67. 38)

17 O.4055 . **USE_MELCOR_ DATA ** HS10003500,HS10004500,HS10003108,HS1000410
-v
6018 1.83DO XHS2- THICKNESS OF WALL #2 ,

*cocc* 1.5667 HSO40XX11X (1.5+1.5+1.7+1.7+1.5+1.5)/6
1 1.5667 **USE_MELCOR_ DATA **
.

3019 1.DO XHS3 THICKNESS OF WALL f3
toccc* 1.4425 HS10002111

'

6 1.4425 **USE_MELCOR_ DATA **
.

*c20 1.07DO XHS4 THICKNESS OF WALL #4
00cc* 1.415 HSO400X11X (2+0.5+2+1.16)/4-

) 1.415 **USE_MELCOR_ DATA **.

-

' O.DO XLHSIl INNER LINER THICKNESS FOR WALL.(1.

ococ*-NOT USED IN MELCOR
**NOT_IN_MELCOR**<

.-
:026'. 2.713D-2 XLHSI2 INNER LINER THICKNESS FOR WALL'#2
ococ* 0.02858 HS10001105

0.02858 **USE_MELCOR_ DATA **

0.D0 XLHSI3 INNER LINER THICKNESS FOR WALL #3
000c* NOT USED IN MELCOR

**NOT_IN_MELCOR**
''

0.DO XLHSI4 INNER LINER THICKNESS FOR WALL f4
cocc* NOT USED IN MELCOR

**NOT_IN_MELCOR**

.O.DO .XLHSol OUTER LINER THICKNESS.FOR WALL #1
ococ*-NOT USED IN MELCOR

-
..



r'
. ,

,

( .t

Jo .ecNOT_IN_MELCORec5

v0
~

O.DO XLHSO2' OUTER LINER, THICKNESS FOR WALL #24 -

>-

I'cocc0* NOT USED IN MELCOR
'

**NOT_IN_MELCOR**F; '

5-... - 0. DO . XLHSO3- OUTER LINER THICKNESS FOR WALL #3
*cc00* NOT USED IN MELCOR

L ? *: **NOT IN MELCOR**- -

!.'...

5H 0.D0 XLHSO4 JOUTER LINER THICKNESS FOR WALL #4
*c000* NOT USED IN MELCOR'

**NOT_IN_MELCOR***'

041 2300.D0 DHS1 DENSITY OF WALL #1
****0* 2522.60 TF00412'

L 2522.60 **USE_MELCOR_ DATA ** ,

..

DENSITY OF WALL #2**42 2300.00 DHS2c

* * **** 2 52 2. 60 TF00412
2- 2522.60 **USE_MELCOR_ DATA **
, . .

**43 2300.D0 DHS3 DENSITY OF WALL #3
****** 2522.60 TF00412

> ~3 2522.60 **USE_MELCOR_ DATA **-

*
*e44 2300.D0 DHS4 DENSITY OF WALL #4
*coc0* 2522.60 TF00412

2

1 2522.60- **USE_MELCOR_ DATA **
*

4049 880.00 CPHS1 SPECIFIC HEAT FOR WALL #1
****** 1299.97 TF00512 "

) 1299.97 **USE_MELCOR_ DATA **

''*50 880.D0 CPHS2 SPECIFIC HEAT FOR. WALL #2
'**co* 1299.97 TF00512

1) 1299.97 **USE_MELCOR_ DATA **

**51- 880.D0 CPHS3 SPECIFIC HEAT FOR WALL #3
i'*cce* 1299.97 TF00512 '

1299.97 **USE_MELCOR_ DATA **,

ioS2 . 1299.97TF00512
880.D0 CPHS4 SPECIFIC HEAT FOR WALL #4

**c00*
. 1299.97 **USE_MELCOR_ DATA **-

,

t*57 0.D0 MEQPD MASS OF EQUIPMENT IN PEDESTAL
7000** ' 3.1D4 HS32001XXX (0.1176*33.141*7833)~
'c00** PER ROC WITH J.VALENTE/BNL ON 02/18/91

3.1D4 **USE_MELCOR_ DATA ** MELCOR= MASS OF I4WER-HEAD'

r- * 58- 1.9D6 MEQDW- MASS OF EQUIPMENT IN DRYWELL.
**o** 1 095DS PER CONFERENCE CALL WITH'BNL'ON 02/11/91''

1.095DS **USE_MELCOR_ DATA **
I

*S9 5.5682D4 MEQWW MASS OF EQUIPMENT IN WETWELL
***** 4.3DS- PER CONFERENCE CALL WITH BNL ON 02/11/91

4.3D5 **NOT_IN_MELCOR**

062 O.DO 'AEQPD. AREA OF EQUIPMENT IN PEDESTAL

.

. , _ s -



|

+coccc 67.793 HS32001500,HS32001700 (33.141+34.652)
ocococ PER ROC WITH J.VALENTE/BNL ON 02/18/91

1 2 67.793 * *US E_ME LCOR_ DATA * * MELCOR= LOWER-HEAD i

4

ac63 1.5D3 AEQDW AREA OF EQUIPMENT IN DRYWELL
**0000 801.0 PER CONFERENCE CALL WITH BNL ON 02/11/91
3 801.0 **USE_MELCOR_, DATA **
*

*c64 20.D0 AEQWW AREA OF EQUIPMENT IN WETWELL
**0000 3141.0 PER CONFERENCE CALL WITH UNL ON 02/11/91 (75% * 4188.0)
1 3141.0 **USE_MELCOR_ DATA **
k

4067 50.D0 HTOUTW HEAT TRANSFER COEFF. AT OUTER WALL
'cocco 6.08 TF20010
7 6.08 **USE_MELCOR_ DATA **
*

b

(68-83) NOT USED IN MELCOR, INNER LINER TO WALL GAP RESISTANCE'

****** NOT USED IN MELCOR
* * NOT_IN_ME LCOR* * ** SET RGAPI?=0** (68-83)*

3 0.D0 RGAPIl INNER LINER TO WALL GAP RESISTANCE #1

669 1.D0 RGAPI2 INNER LINER TO WALL GAP RESISTANCE #2
**69 0.D0 RGAPI2 INNER LINER TO WALL GAP RESISTANCE #2
***006 PER ROC WITH J. VALENTE/BNL ON 03/07/91, 1" GAP INSTALLED
3 0.67
e

) 0.D0 RGAPI3 INNER LINER TO WALL GAP RESISTANCE #3
1 0.D0 RGAPI4 INNER LINER TO WALL GAP RESISTANCE #4
2 0.D0 RGAPIS INNER LINER TO WALL GAP RESISTANCE #5
3 0.D0 RGAPI6 INNER LINER TO WALL GAP RESISTANCE #6
1 0.D0 RGAPI7 INNER LINER TO WALL GAP RESISTANCE #7
i 0.D0 RGAPIB INNER LINER TO WALL CAP RESISTANCE #8
i 0.D0 RGAPol OUTER LINER TO WALL GAP RESISTANCE #1
' O.D0 RGAPO2 OUTER LINER TO WALL GAP RESISTANCE #2
1 0.D0 RGAPO3 OUTER LINER TO WALL GAP RESISTANCE #3
1 0.00 RGAPO4 OUTER LINER TO WALL GAP RESISTANCE #4
1 0.D0 RGAPO5 OUTER LINER TO WALL GAP RESISTANCE #5

0.D0 RGAPO6 OUTER LINER TO WALL GAP RESISTANCE #6.

1 0.D0 RGAPO7 OUTER LINER TO WALL GAP RESISTANCE #7
0.D0 RGAPOB OUTER LINER TO WALL GAP RESISTANCE #8.

I

*84 5.3232D4 MEQWWS MASS EQUIP. WETWELL (SUBMERGED)
occ** 1.43D5 PER CONFERENCE CALL WITH DNL ON 02/11/91

1.43D5 **USE_MELCOR_ DATA **

085 1.D2 AEQWWS AREA EQUIP. WETWELL (SUBMERGED)
'o**** 1047.0 PER CONFERENCE CALL WITH BNL ON 02/11/91 (25% * 4188.0)

1047.0 **USE_MELCOR_ DATA **

XTGAP1-XTAGP8 (86-93, 95-99) NOT USED IN MELCOR
***** NOT USED IN MELCOR

**NOT_IN_MELCOR** ** SET XTGAP?=0** (86-93,95-99)

0.D0 XTGAP1 GAP THICKNESS FROM LINER TO WALL FOR #1
0.D0 XTGAP2 GAP THICKNESS FROM LINER TO WALL FOR #2
0.D0 XTGAP3 GAP THICKNESS FROM LINER TO WALL FOR #3
0.D0 XTGAP4 GAP THICKNESS FROM LINER TO WALL FOR #4



, s-n
it v

i

L Of 10.DO XTGAPS GAP THICKNESS FROM LINER TO WALL FOR #5
1 0.DO XTGAP6 GAP THICKNESS FROM LINER TO WALL FOR #6

<

42 0.D0 XTGAP7 GAP THICKNESS FROM LINER TO WALL FOR #7 .

I
;3 ' O.DO XTGAP8 GAP THICKNESS FROM LINER TO WALL FOR #8*

o- .

b4 10'0 ZEQOW AVERAGE HEIGHT OF DRYWELL WALL |.

00000* NOT USED IN MELCOR
C o **NOT..IN MELCOR** ;

-
,

,

S' 10.0,

6 10.0
7 10.0
8 :10.0
'9 10.0
:o
ococo******************************************************************-
MODEL PARAMETERS FOR BWR (01-64) .

'

ooooo********************************************************==BEGIN==
co NOTE: MODEL PARAMETERS WERE CHANGED.PER GKA'S REPORT, " RECOMMENDED
oo SENSITIVITY ANALYSES FOR AN IPE USING MAAP 3.0B", DATED ??/??/??
co >>> CHANGES WERS MADE ON 03/06/91<<<
o

1 .005DO FRCOEF FRICTION COEFFICIENT FOR CORIUM AS IT IS DISCHARGED
2 .10D0 FMAXCP ONCE THE CORE FRACTION MELTS '19 A VALUE BEI4W
3 50.DO HTBLAD FUEL CHANNEL TO CONTROL BLADE HEAT TRANS. COEFF

'

'4_ 300.DO HTFD NON-RADIATIVE FILM BOILING HEAT TRANS. COEFF.
c i

cc05 10.D0 FDF1 DF FOR WATER POOLS OVER CORE DEBRIS (EXCLUDING
0o000* 05 NOT USED PER REV 7
o
o

.6 0.02D0 FEFFDR DROP COLLECTION EFFICIENCY FOR SPRAY SWEEP-OUT
o
oo07 1500.DO TCLMAX CLAD FAILUDE TEMP TO BEGIN FISSION PRODUCT REL
* coco * 1173. RKGAPXXXOO ,

k *007 1173. **LSE_MELCOR_ DATA ** '.;
7 1200.0 **USE_MAAP_ DATA ** CHANGED PER GKA REPORT ON 03/06/91

0999REV 7, PARAMETER 12 REDEFINED
*c12 .9DO FTENUR UNOXIDIZED ZR MASS FRACTION LIMIT.
2' .1D0 CHANGED PER REV 7 ON 03/06/91
.o.
.3 1.0D SCALFP FISSION PRODUCT RELEASE RATES DIVIDED BY THIS VALUE
.4 1.D3 HTCMCR CORIUM-CRUST HEAT TRANSF. COEFF. USED IN DECOMP , '
3 0.05D0 XCMX MINIMUM CORIUM THICKNESS ON DRYWELL FLOOR AND PED ,

5. 0. 0) DO XDCMSP PARTICLE SIZE (DIAMETER) FOR CORIUM AS IT FALLS
'

, . *099REV 7, PARAMETER 17 ALTERED FOR NEW EXVIN MODEL
7 1.D-1 TDSTX - TIME DELAY AFTZR CORIUM CONTACTS FLOOR TO TRIGGER
3 1.53D0 FCHTUR CHURN-TURBULENT CRITICAL FLOW PARAMETER
) -3.7DO FDROP DROPLET CRITICAL FLOW ~ PARAMETER
3 3.DO FFLOOD FLOO5. T.NG FIDW PARAMETER

1.35D0 FSPAR PARAMETER FOR BOTTOM-SPARGED STEAM VOID FRACTION'
.

1 2.DO FVOL PARAMETER FOR VOLUME SOURCE ~ VOID FRACTION.MODEL'
L 0.D-1 TTENTR 'ENTRAINMENT EFFECTIVE EMPTYING TIME
e,

L . 9f1DO EW EMISSIVITY OF. WATER
e

'025 .8500 EWL EMISSIVITY OF WALL
+0000* PER ROC WITH J. VALENTE/BNL ON 02/15/91, EWL=0.8~

_

'ecccc* PER ROC WITH J. VALENTE/BNL ON 02/18/91, EWL=0.85 FOR RECORD

Na _ _ . _ _



.-

5 0.85 ocUSE_MAAP_DATAcc ocUSE_MELCOR_DATAcc .:
>=

:*c26' .85DO ECM EMISSIVITY OF CORIUM
'4000c* PER ROC WITH J. VALENTE/BNL ON 02/15/91, ECM=0.5
*cccc* :PER ROC WITH J. VALENTE/BNL ON 02/18/91, ECM=0.85 TJR RECORD
3 0.85 **USE_MAAP_ DATA ** **USE_MELCOR_ DATA **

'

1 .6DO EG EMISSIVITY OF GAS
k

*c28 .85DO EEQ EMISSIVITY OF EQUIPMENT
:accoc* PER ROC WITH J. VALENTE/BNL ON 02/15/91, EEQ=0.8'
'0000c* PER ROC 'TH J. VALENTE/BNL ON 02/18/91, EEQ=0.85 FOR R' CORD
3 0.85 **USE_MELCOR_ DATA **

.o.
9- 0.5DO FOVER FRACTION OF CORE SPRAY FIDW ALLOWED TO BYPASS CORE
3 1.DO NPF NUMBER OF PENETRATIONS FAILED IN LOWER HEAD AT TIME
a ').DO FCDCDW DOWNCOMER PERIMETER PER METER FROM PEDESTAL DOOR-
A

**32 0.14DO FCHF COEFFICIENT FOR CHF CORRELATION IN PLSTM
J2' O.1 CHANGED PER GKA REPORT ON 03/06/91
a

*c33 .75D0 FCDBRK DISCHAR7E COEFFL 'IENT FOR PIPE BREAK
3 0.7 CHANGED PER GKA REPORT ON 03/06/91
c
4 .33DO FENTR HUMBER TO MULTIPLY KUTATELADZE CRITERION BY TO
c
L 1.00 SCALU SCALING FACTOR FOR ALL BURNING VELOCITIES
6 1.00 SCALH SCALING FACTOR FOR HT COEFFICIENTS TO PASSIVE
o-
*c37 2.0D0 FUMIN CLADDING SURFACE MULTIPLIER TO ACCOUNT FOR POTENTIAL
*cccc* PER ROC WITH J.VALENTE/BNL ON 02/25/91
7 1.0 **USE_MAAP_ DATA ** GKA RECOMMENDED VALUE
e

3 2.5 GSHAPE PARTICLE COLLISION GAMMA SHAPE FACTOR
3 1.0 FSHAPE CH1 SETTLING SHAPE FACTOR
e

*c40 8.0 FAERI. LATIO OF AIRBORNE AEROSOL MASS TO THE MASS WHICH
*cccc* PER ROC WITH J.LLENTE/BNL ON 02/25/91
cc40 8.0 **USE MAAP DATA **- GKA RECOMMENDED VALUE = 3.0

-0 3.0 CHANGED PEft GKA REPORT ON 03/06/91 ,

e

ac41 0 FPRAT 1=NUREG-0772 FP RELEASES; 0=CUBICCIOTTI STEAM OX MODEL
*cccc* PER ROC WITH J.VALENTE/BNL ON 02/25/91 '

1 -2 **USE_MAAP_ DATA ** NEW VALUE FOR REV 7
a.

2 1.0 FCSIVP GROUP 2 (CSI) & GRUOP 6 (CSOH) VAPOR PRESSURE
FTEREL 0=TE BOUND UP IN ZIRCALLOY,1=NOT BOUND UP3 0

,

n-

4c44 2.D5 PPLUG PRESSURE DIFFERENCE TO BLOW OPEN PLUG IF LEAK PATH HAS
~*coc** NOT IN MELCOR
=c44' O.01 **USE_MAAP_ DATA ** INTENTIIONALLY TO REMOVE PLUGGIN MODEL

>**- PER T M WITH J.VALENTE/BNL ON 02/25/91
1 0.5D5 **Use_AAAP_ DATA ** GKA RECOMMENDED VALUE
t

*c45 .02 XHLEAK WIDTH OF LEAK PAT
*ccc** NOT IN MELCOR
*c45 2.0 **USE_MAAP_ DATA ** INTENTIIONALLY TO REMOVE PLUGGING MODEL
*c PER ROC WITH J.VALENTE/BNL'ON 02/25/91

.5 .02 **USE_MAAP_ DATA ** PUT PLUGGING MODEL BACK
n

.5



. .

I

6 50000. DKPLUG MOREWITZ COEFF FOR PLUGGING
7 2500.0 TEUTEC (TEU) CORE NODE EUTECTIC TEMPERATURE FOR MELTING NODE j

8 2.5D5 LHEU LATENT HEAT OF FUSION OF EUTECTIC i

9 3.D-7 XRSEED SEED RADIUS FOR HYGROSCOPIC FORMATION
O 0.D0 TIDCF IF EVENT CODE 216 IS SET TO 1 TO FAIL PEDESTAL
1 0.1 ASTRN STRAIN INDUCED CONTAINMENT FA% LURE AREA
2 0.1 AOVPR GROSS OVER-PRESSURE CONTAINMENT FAILURE AREA
3 1060.0 TJDRN JET BURN TEMP: IF GAS JET OUT OF PEDESTAL EXCEEDS
4 0.01DO FASI ACTIVITY COEFFICIENT FOR SIO2 IN METOXA EQUILIBRIUM
5 0.05D0 FASR ACTIVITY COEFFICIENT FOR SRO
6 0.05D0 FABA ACTIVITY COEFFICIENT FOR BAO
7 1.D-8 FAKO ACTIVITY COEFFICIENT FOR K2O
*

**58 1.0 FCRBLK =1 CORE BLOCKAGE / LOCAL NODE CUT-OFF
****** PER ROC WITH J.VALENTE/BNL ON 02/25/91
****** MAAP 3B REV 7 = 0.0 (NO BLOCKAGE), GKA = 1.0 (BLOCKAGd FOR SBO)
3 0.0 **USE_MAAP_ DATA **
*
9 .33 FEO PRUPACHER-KLETT COLLISION EFFICIENCY
0 18.0 FNUDRP NUSSELT NO. WHICH GOVERNS HEAT CONDUCTION INTO
1 983. TAUTO AUTOIGNITION TEMPERATURE FOR H2 BURNS
2 0.75 XFTIA STEAM MOLE FRACTION TO INERT A H2-AIR-H2O MIXTURE
3 0.00 DXHIG OFFSET H2 MOLE FRACTION FOR DEFINITION OF IGNITION
4 2.0 FLPHI FLAME FLUX MULTIPLIER (BETWEEN 1.0 AND 10.0)
*
***********************************************************************
CONCRETE PROPERTIES - USE CORCON-2 DATA
*************************************************************==BEGIN==
*

**01 1500. TCNMP CONCRETE MELTING TEMPERATURE
****** 1750. CAV00CA
1 1500. * *US E_,MAAP_, DATA * *
*
**02 1159.7 LHDEC REACTION ENERGY FOR CONCRETE DECOMPOSITION
****** PER ROC WITH J.VALENTE/BNL 02/26/91, REVISED AS REV 7
2 1.15D6 **USE_,MAAP_ DATA **

203 580.O LHCN LATENT HEAT FOR CONCRETE MELTING
****** PER ROC WITH J.VALENTE/BNL' 02/26/91, REVISED AS REV 7
3 0.56D6 **USE_MAAP_, DATA **
=

**04 0.358 MFCN(1) SIO2
'***** 0.036 CAV00C4
1 0.358 **USE_CORCON_ DATA **
f

**05 0.313 MFCN(2) CAO
'***** 0.454 CAV00C2
1 0.313 **USE_CORCON_ DATA **
f

'*06 0.036 MFCN(3) AL203
r***** 0.094 CAV00C1
i 0.036 **USE_CORCON_ DATA **

.0122 MFCN(4) K2O'

'***** NOT USED IN MELCOR
**USE_CORCON_, DATA **

,

.0008 MFCN(5) NA20.

****c* NOT USED IN MELCOR
**USE_CORCON_ DATA **

_ _ -



.

.

*

9 0.0069 HFCN(6) MGO+MNO+TIO2
****** NOT USED IN MELCOR

. **USE_CORCON_ DATA **-*-

*

O 0.0144 MFCN(7) FE203 -> FEO+02
****** NOT USED IN.MELCOR

**USE_CORCON_ DATA ***
s-
**11 0. MFCN(8) FE MAAP HAS REBAR
****** 0.135 CAV00C7 MELCOR DOESN'T HAVE REBAR
1 0. ** KEEP _ITS_OWN** MELCOR USES FE AS REBAR
*

2 0.0001 MFCN(9) CR203
****** HOT USED IN MELCOR
'* **USE_CORCON_ DATA **
e

**13 0.047 MFCN(10) H2O
'****** 0.059 CAV00C5+CAV00C6
3 0.047 **USE_MAAP_ DATA **
*

**14 0.212 MFCH (11) CO2
"****** 0.357 CAV00C3'

.4 0.212 **USE_CORCON_ DATA **
to

.5 O. MFCN(12) 02
<****** NOT USED IN MELCOR
<* **NOT_IN_MELCOR**
r* '

.6 600.O DCSRCN DENSITY OF REBAR IN CONCRETE
<****** NOT USED IN MELCOR
to **NOT_IN_MELCOR**
*

**17 903.0 CPCNO SPECIFIC HEAT OF CONCRETE
****** 1299.97 TF00512
* * * * * * PER ROC WITH J .VALENTE/ BNL ON 02/26/91, KhVISED AS REV 7
7 1000.0 **USE_MAAP_ DATA **
*

*

* 18-31 ARE FOR MARK III ONLY
* (18-31) **NOT_IN_MELCOR** * *tiOT_FOR_ PEACH _ BOTTOM * *
*
8 3.E11 PTEN ELASTIC YOUNGS MODULUS FOR TENDONS
9 1.99E11 PEREB ELASTIC YOUNGS MODULUS FOR REBAR
0 3.97E9 PEPTEN PLASTIC YOUNGS MODULUS FOR TENDONS
1 1.4E9 PEPREB PLASTIC YOUNGS MODULUS FOR REBAR
2 9.7E8 PSSPH PRESTRESS ON HOOP TENDONS
3 1.01E9 PSSPZ PRESTRESS ON AXIAL TENDONS *

4 1.53E9 PSSYHT TENDON YIELD STRESS
.S 4.137E8 PSSYHR REBAR YIELD STRESS

6 1.65E9 PSSFHT TENDON ULTIMATE STRESS
7 6.2E8 PSSFHR REBAR ULTIMATE STRESS
8 1.99E11 PEL ELASTIC YOUNGS MODULUS FOR LINER
9 1.4E9 PEPL PLASTIC YOUNGS MODULUS FOR LINER
0 4.137E8 PSSYHL LINER YIELD STRESS
1 6.2E8 PSSFHL LINER FAILURE STRESS
*

Q

ccccce*************************************************h*************** i

FISSION PRODUCTS

- - ,



)

cococcocoooccooocococococococoooooooooooooooooooooc* coco ** coo ==BEGIN==
.c
;c INITIAL FISSION PRODUCT MASSES IN CORE REGION (1-25)
6 coco * NOT USED IN MELCOR

**NOT_IN_MELCOR***

* col' 387.0 Xe
*oooo* 429.36 FAX FROM BNL TO FAI ON 10/19/90
1 429.36 **USE_MELCOR_ DATA **

,

*002 25.7 Kr
hocoo* 34.349 FAX FROM BNL TO FAI ON 10/19/90
2 34.349 **USE_MELCOR_ DATA **

*c03 16.6 I

Socoo* 18.963 FAX FROM BNL TO FAI ON 10/19/90
3 18.963 **USE_MELCOR, DATA **
*

**04 23.3 Rb
***o** 32.202 FAX FROM BNL TO FAI ON 10/19/90
1 32.202 **USE_MELCOR_ DATA ** .

**05 207.0 Cs
*o*co* 236.15 FAX FROM BNL TO FAI ON 10/19/90
5 236.15 **USE_MELCOR_ DATA **

*c06 62.7 Sr
**000* 85.872 FAX FROM BNL TO FAI ON 10/19/90
6 85.872 **USE_MELCOR_ DATA **

Ao07 105.0 Ba
* coco * 121.65 FAX FROM BNL TO FAI ON 10/19/90
7 121.65 **USE_MELCOR_ DATA **
*

* * 08 36.2 Y
to**o* 42.936 FAX FROM BNL TO FAI ON 10/19/90
1 42.936 **USE_MELCOR_ DATA **
,

ro09 98.3 La
'0000* 107.34 FAX FROM BNL TO FAI ON 10/19/90
1 107.34 **USE_MELCOR_ DATA **
f

'o10 267.0 Zr
'cocc* 311.29 FAX FROM BNL TO FAI ON 10/19/90
.) 311.29 **USE_MELCOR_ DATA **
C

'oll 0.10 Nb
rocoo* 3.578 FAX FROM BNL TO FAI ON 10/19/90

3.578 **USE_MELCOR_ DATA **.

012 237.0 Mo
coco * 275.51 FAX FROM BNL TO FAI ON 10/19/90

275.51 **USE_MELCOR_ DATA **

013 58.8 Tc
0000* 71.560 FAX FROM BNL TO FAI ON 10/19/90

71.560 **USE_MELCOR_ DATA **
.

014 172.0 Ru
0000*-182.48- FAX FROM BNL TO FAI ON 10/19/90



_

4' '182.48 ocOSE_MELCOR_ DATA 00
o

-co15 0.10 Sb.
0000c* 1.3954 FAX FROM BNL TO FAI ON 10/19/90

-5 1.3954 **USE_MELCOR_ DATA **,
,

9

0016 34.9 Te
cocc0* 35.78 FAX FROM BNL TO FAI ON 10/19/90
6, 35.78 **USE_MELCOR_ DATA **
e
0c17 208.0 Ce
cocoo* 243.30 FAX FROM BNL TO FAI ON 10/19/90
7 243.30 **USE_MELCOR_ DATA **
c.
**18 ;BO.4 Pr
****** 93.028 FAX FROM BNL TO FAI ON 10/19/90
8 93.028 **USE_MELCOR_ DATA **
c
=c19 271.0 Nd
0***** 314.86 FAX FROM ENL TO FAI ON 10/19/90
9 314.86 **USE_MELCOR_ RATA **
o
0 53.8 Sm
occ*** NOT USED IN MELCOR

**NOT_IN_MELCOR**to .

ro
'**21 0.10 Np
******* 39.358 FAX FROM BNL TO FAI ON 10/19/90
.1 39.358 **USE_MELCOR_ DATA **
o

:2 743.0 Pu
ecc*** NOT USED IN MELCOR

**NOT_IN_MELCOR***

*

3 0.D0 NOT USED
4 0.D0 NOT USED

"
5 0.D0 NOT USED

%e
o STRUCTURAL MATERIAL MASS IN CORE REGION
o
0026 -*050. SN
00000* 895. CORXO702 0.0145*(5*(3153+3004+928+2339+2229+688.5))
6 895. **USE_MELCOR_ DATA **
o
*027 432. NN 69824= SUM OF XMSS IN MELCOR
cccoc 432 CORXXXO2 0.62%=(432/69824)
7 432. **USE_MAAP,,,, DATA **
o,

0028 17000. B4C
~ococ** 1785.5 CORXO702 5*(158.9+151.4+46.8)
'8 1785.5 **USE_MELCOR_ DATA **
o
9 0.0 NOT USED'

;

0000** NOT USED IN MELCOR
o- **NOT_IN_MELCOR**
* I

O 0.0 NOT USED ,

'

oc00** NOT USED IN MELCOR'

o. **NOT_IN_MELCOR**
-o
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~ W ;1 .>0.DO!. .
FDFSP DRYWELLlMNTS DECON. FACTOR . ' F 3*

jj'occe*{NOT.USED.'IN MELCOR .

'

M **NOT,;_IN_MELCOR** J W'

>

11*) , . . ..
,

+'l :0.DO FDFRV- SRV DECON.' FACTOR'
. . - ,

'

** coo *cNOT'USED IN:MELCOR.''

f **NOT_IN_MELCOR**
> +

,

.;
. '

,

. beteREV;7,. PARAMETERS 33 - 44'ADDED
[ $ PERCENT DECAYePOWER.IN MAAP FISSION PRODUCT GROUPS' j
1 .517 10.028DO, FP GRP1il', NOBLES J

| ? Yli 0.151DO FP GRP..#2, 'CSI
#

'

j; i0.0194DO FP GRP i3,' TE02,

i 0.062DO FP GRP #4,. SRO .

,,f;;';O.05D0' FP'GRP'f5, 'MOQ2-
~, ,f, ,

cli 0.1D0 FPLGRP-#6, CSOH NJ, "

, /) , O.D0 FP'GRP.f7, BAO
Y) - 0.D0 FP GRP #8, LA203

O.DO- FP GRP..#9, CEO2
'

, . 3.

'! 0.DO FP GRP.#10,'SB
~ * '

*
1 0.0194DO FP GRP f11, TE2 >

0.D0' FP GRP #12, UO2. n,.,

f-
, .s .[*

,.
'

,,.
'

+ ,;*.. v o e * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 6 * * :. * * * w w w w * * * * L ,

?00NTROL CARDS (01-329) j
i7'************************************************************6BEGIN==.

'
>

T'***** NOT USED.IN'MELCOR' ,

'L
'

**NOT_,IN_MELCOR** 'i'
,

-. .r_

:1- IBNR PLANT TYPE Q,

.

. .~94 . tl '1= MARK I, 2= MARK II, 3= MARK III
.

(i!AIN) ' ,

- .

-49 IRSTN. UNIT NUMBER TO WRITE RESTART: FILE
'

'
,

'50 IHUN . UNIT NUMBER TO. WRITE RESTART ' FILE '(HEATUP)'
40. IPOUT UNIT NUMBER TO WRITE' PROGRAM-OUTPUT' FILE g

-*05: 1 IPLT1 UNIT NUMBER FOR THE FIRST PIDT FILE (OTHER SEQUENTIAL)-
F;oce6* 1.=~USE A8 FORMAT, :2 =aUSE'A15' FORMAT:. e c.; T, 3

- 2 CHANGED'PER REVe7 ON.03/18/91 y, '

..
.

. . . ' .
,

'-

600 IPTSMX MAXIMUM. NUMBER OF . PIDTTED POINTS -
' q'

,

16 ~. 'IPTSPK MAXIMUM NUMBER OF PIDT, POINTS > TRACED FOR' FULL' :

4150 IPTSAV: NUMBER 'OF tPOINTS . SAVED FOR VARIABLE: PICT - M'

,

'

"1 ISUMM? SUMMARY DATA (0=ALL EVENTS,1= SHORTER: LIST)L ,
,

,' ! 14. ISUM .; SUMMARY: FILE NUMBER y
. ''

'.1- IRUNG l'= IST ORDER 1R-K, 2c= 2ND-ORDER'R-K
.'

!

- ,

'

1- IFREEZ.1= DO FREEZE FRONT. CALC.'(0=NO CALC.). ,

cw. , 4'

IRET- WRITE RETAIN PIDT ' FILE . (NOTJ USED) o-0 '
4

T 710 ' IFPPLT RETAIN, PLOT ~ FILE UNIT NUMBER (NOT;USED):
.

..

e *25 . 5 IH NUMBER OF RADIAL' NODES
*****.3 COR00000 g' . .

H5 '**USE_MAAP_ DATA ** .,, . ,
n

'
' '

J26- 10- JMi 1 NUMBER' OF AXIAL NODES
L'**ec*- 5' COR00000 . -(11-6). m"

10' '**USE MAAP DATA ** 'd Si
,

'
, , .

.
. f

,,

1 , ,6 ,

0=MPCI,HPCS,RCIC REGULATE LEVEL L2-L8
* .'

' M363.J 0; LIBANG 7' .

P913 91o :IINERTLO= CONTAINMENT NOT.INERTED,1= CONTAINMENT ~INERTED.. ,
'

4
,

y:y

E. g . w f4
s% ,i 5' j i

.



-

54- 1 IILPCI LPCI INJECTION: 1= LOWER PLENUM, 0=DOWNCOMER
.c'

L 6155 9 INODRB NUMBER OF REACTOR BLDG NODES + ENVIRONMENT
100000* 9 CV401...CV409 + CV410
55 9 **USEjMELCOR_ DATA **
b'

56 13 IAUXW FILE TO WRITE AUX CODE INFO
57 0 IAUXR FILE TO READ AUX CODE INFO|

0150 1 IPLMAP =0, UGE OLD ARCHIC HARDWIRD PLOT. ROUTINES AND APLOT
27. 1 JNTGRT = 1 : UTILIZE CONSISTENT TIMESTEPS BETWEEN
28 0 ITDLIM = 1 : UTILIZE USER-INPUT CRITICAL PARAMETERS
29 0 *3?PT =1 : SORT OUT INTEGRATION DIAGNOSTIC FIGURES OF MERIT,

o

|36 1 IEMBAL = 1 : PRINT MASS & ENERGY BALANCE DATA ON TABULAR OUTPUT
.37 1 ICRBAL = 1 : PRINT CORE BALANCE DATA ON TABULAR OUTPUT
'o
cocco******************************************************************
AUX OLDG/ REACTOR BLDG INPUT (01-312, EXCEPT 273,274,277,278) ,

cococ********************************************************==BEGIN==
* * *US E,jMELCOR_ DATA * *
o
* TOTAL FREE VOLUME
1 5426. CV401B2
2 5154. CV402B2
3 5154. CV403B2
4 2356. CV404B2
5 7066. CV405B2
6 2425. CV406B2
7 4866. CV407B2
8 31048. CV408B2
9 148825. CV409B2
o
*

* FIDOR AREA
1 1166. HSO4003500
2 588. HSO4010500
3 587. HSO4016500
1 261. HSO4022500
5 784. HSO4028500
5 245. HSO4033500
7 307. HSO4039500
3 1362. HSO4044500

-) 8807. HSO4048500
t

k

* ONE-SIDED OUTER WALL AREA
L 2264.0 805. HSO4001500
2 1556.0 671. HSO4006500
3 1554.0 671. HSO4012500
1 1351.0 345. HSO4018500
i 2047.5 1030. HSO4024500
i 668.0 588. HSO4030500
' 1393.0 1222. HSO4036500
1 1362.0 3063. HSO4042500
) 8807.3 8137. HSO4046500
t

t

o' OUTER WALL THICKNESS
. 2.6458 2. HSO4001115-.

! '1.5656 .9 HSO4006113



3 125661 .9 HSO4012113
4 1.1956 .9 HSO4018113

i5 1.4829 .9 HSO4024113
5- 1.3448 .6 HSO4030112
7 1.6919 .6 HSO4036112

'3 0.2300 .00254 HSO4042106
) . 0.2300 .00254 HSO4046106
.

V*
* THERMAL CONDUCTIVITY OF OUTER WALL

't 1.524 HSO4001201 & TF00612
2 1.524 HSO4006201 & TF00612
3 1.524 HSO4012201 & TF00612
1 1.524 HSO4018201 & TF00612
3 1.524 HSO4024201 & TF00612
5 1.524 HSO4030201 & TF00612
1 1.524 HSO4036201 & TF00612
3 1.524 HSO4043201 & TF00912
) 1.524 HSO4046201 & TF00912
=

k

* SPECIFIC HEAT OF OUTER WALL
L 1299.97 HSO4001201 & TF00512
2 1299.97 HSO4006201 & TF00512
3 1299.97 HSO4012201 & TF00512
1 1299.97 HSO4018201 & TF00512
5 1299.97 HSO4024201 & TF00512
5 1299.97 HSO4030201 & TF00512
7 1299.97 HSO4036201 & TF00512
3 1299.97 HSO4043201 & TF00812
1 1299.97 HSO4046201 & TF00812
v

e

' HEIGHT OF OUTER WALL
8.9 HSO4001500.

: 7.5 HSO4006500
63 7.5 HSO4012500

8.6 CV403B2-CV403B1.

8.3 HSO4018500,

i 8.3 HSO4024500
1 5.1 HSO4030500

5.1 HSO4036500*

16.0 HSO4042500
16.0 HSO4046500

DENSITY OF OUTER WALL
2522.60 HSO4001201 & TF00412
2522.60 HSO4006201 & TF00412
2522.60 HSO4012201 & TF00412 f,
2522.60 HSO4018201 & TF00412 j/'

'

2522.60 HSO4024201 & TF00412 je
'

2522.60 HSO4030201 & TF00412 -

2522.60 HSO4036201 & TF00412
2522.60 HSO4043201 & TF00712
2522.60 HSO4046201 & TF00712

FORCED VOLUMETRIC VENTILATION FLOW OUT OF NODE
' O.O ,,

. . _ . _ _ - - _ _ _ - -



,,:.

' '

,

,

,'2 ,0e0

3|.-'O.O
L4 - 0. 0 -
5 0.0
6 . 0 '. 0 .

:7 .0.0
8- 0.0'
9. 0.0
C
O .

O FORCED VOLUHETRIC VENTILATION FLOW INTO NODE
1 0.0

'2- 0.0
3 0.0

'. 4 - 0.0
5 '0.0
6- 0.0

.7 0.0
8 '0.0
9 0.0
c
*
* AEROSOL SETTLING AREA = FI40R AREA
01 1166. HSO4003500
.02 588. HSO4010500
.03 587. HSO4016500
.04 261. HSO4022500
05 784. HSO4028500
06 245. HSO4033500
07 307.- HSO4039500
08- '1362. HSO4044500
09 8807. HSO4048500
o

* IMPACTION AREA **NOT_IN_MELCOR**
*' ONE QUARTER OF AVERAGED VERTICAL FLOW AREA
11 0.0 (8.6/4)
12 0.0 ((8.6+33.2)/2/4)
13 0.0
14 0.0 ((33.2+33.2)/2/4)
15 0.0
16 0.0 ((33.2+33.2)/2/4)
17 0.0>

18 0.0 .((33.2+33.2)/2/4)
19 0.0

' c
.

g-

0111 2.10 (8.6/4)
;0112 5.23 ((8.6+33.2)/2/4)
*113 0.0
*114 8.30 ((33.2+33.2)/2/4)
*115 0.0
6116 8.30 ((33.2+33.2)/2/4)
*117 0.0-
*118 8.30 ((33.2+33.2)/2/4)'

*119 0.0
k

'k

MINIMUM GRATE DIAMETER FOR AEROSOL DEPOSITION BY IMPACTION*

21 0.0
i



4

-f
--tq;. s

<
,

,
, ,

,n . . .
+ -

, . , .
,

s a , |.

{
E'2 2 0. 0 ''

,h23 L O '. 0 '
4241 0.0'

12 5' O.0|
.263. 0.0 >

a
<27' O.0

:28 0.0
,529 0.0
, . . . . ! j

n;
GRATE FLOW AREA FOR IMPACTION:a' ,

' 31 0.0.

''32' O.0
. 3 3 -- 0.0 y

u" 3 4 . 0.0 -

135"'O.0
g:36: 0.0 '

"37 0.0
< 38 . 0. 0 .
139'' O.0

'

e

,,

:* AUX BUILDING SPRAY MASS FI4W RATE ,

41' ' O .' O -
c

'42 0.0, .

;43' ,0.0
.44 0.0 -

.45 0.0
46~ 0.0.

'i47, 0.0 -

'48' O.0 ,

-19 0.0
5 u ,

[',.
'- ' SPRAY FALL HEIGHT !

'

31: 0.0-
c i 2.. 0.0

, . 13 0.0- .i .

,14'- 0.0
"

.. 3 5 . ' 0 . 0 < > <
,

'16 ' : 0. 0 r

17' -0.0'
~

p .i8.; ; 0. 0
'

9,' O.O..
'

. .

a'

NODE NO. THAT THE VOL IN NODE 1: RECEIVES'ITS' INLET' VENT.'

b ;1- -lo
12 10 '[,

' |3 '10
e4 '10
5' 10 ,

*'
6. .10

' '
J7- 10

"'8. 110'- (;
19 10"

L
> r'!f' -

|

' FLAG TO ': INDICATE HOW WATER' ACCUMULATED IN A~ NODE . IS. DRAINED
'J 1 = INSTANTLY: DRAINS ALL WATER:FROM NODE'f
L, < .

( :-*p
' ^.

,

'
'

^' * ' , , , , ,,



'
;

\

O = WATER DRAINS THRU THE SAME JUNCTIONS USED FOR GAS TRANSFER' 0'

.71 ' O
V 72 0

73 0
'

74 1
775' 1
.76 1
'77 1
78: 0
79 0

-o
.. g

O' .??? ELEVATION OF FLOOR OF NODE 1 WITH RESPECT TO GROUND' LEVEL'
81 -17.2 1

,82 -4.1
83~ -4.1
84 5.1
85 5.1'

86 14.2
87 14.2
88 26.1
*189 5.1
89 4.5
o-
0

'o CO2 MASS FLOWRATE FROM FIRE SUPPRESSION SYSTEM i
'

-!.91 0.,

92 0.
93 0.
94 0.
95 0.

196 0.
97 0.
98 0.
99 0.,

o
6
*' TOTAL AREA OF INTERNAL WALL .(,,

01 -0. HODE 1
' 02 921.8 NODE 2

03 920.8 NODE 3 ,.

34 306.8 NODE 4
'35 921.6 NODE 5

"

:3C. 254.0 NODE 6
37 333.6 NODE 7

<

38 9804.0 NODE 8
39 34244.0 NODE 9
4

.e-
6 THICKNESS OF INTERNAL WALL (S)

h .: L1- 0.0
.L2 0.0042
'L3 0.0042

L4 0.0032 q

'L5 0.0032
L6 0.0031

1L7 0.0033
.L8 0.0056
L9~ =0.0073
,.

. __
,



.
m-

>

s-
--

0 Tl!ERMAL CONDUCTIVITY OF INTERNAL WALL (S) CARBON STEEL
0 **USE_MELCOR_ DATA ** TF00911 52 W/H/K
21' 52.0

l' 22- 52.0

F 23 52.0
24 52.0

L 25 52.0
26 52.0
27 52.0

~28- 52.0
,| 29 52.0

C

e :

0: SPECIFIC HEAT OF INTERNAL WALL (S) CARBON STEEL
o **USE_MELCOR_ DATA ** TF00812 465 J/KG/K

:31 465.0
32 465.0

'33 465.0 ,

34 465.0
35 465.0
36 465.0
37 465.0
38 465.0

:39 465.0
o
a

'o HEIGHT OF INTERNAL WALL (S)
o

41 8.9 HSO4001500 ,

42- 7.5 IISO4 006500
43 8.6 CV403B2-CV403D1
14 8.3 HSO4018500
15 8.3 HSO4024500
16 5.1 HSO4030500
L7 5.1 HSO4036500
18 16.0 HSO4042500
19 16.0 11S04046500
m

DENSITY OF INTERNAL WALL (S) CARBON STEEL

**USE_MELCOR_ DATA ** TF00712 7833 KG/M**3'

'il 7833.0
12 7833.0
i3 7833.0
i4 7833.0
15 7833.0
16 .7833.0
17 .7833.0
'8 7833.0.

9 7833.0
, .

NODE NO. ON THE OTIIER SIDE OF TIIE OUTER WALL (G)
\ 1 1

L '2 2
3. 3

'4 4
5 5
6 6'

L
_ _ Li



67 7
68 8
69- 9
*

71- O. MSFRBO INITIAL MASS OF WATER AVAILABLE FOR FIRE SPRAYS
****** NOT USED IN HELCOR
* **NOT_IN_MELCOR**
*

72 0. MC2RBO INITIAL MASS OF CO2 2N FIRE SUPPRESSION SYSTEM
****** NOT USED IN MELCOR
* **NOT_IN_MELCOR**
*

**273 295.0 INITIAL REACTOR BUILDING GAS TEMP
****** 299.8 CV405A2
73 295.0 **USE_MAAP_ DATA **
*
**274 295.0 SPRAY WATER TEMPERATURE
****** 299.8 CV405A2
74- 295.0 **USE_MAAP_ DATA **
*

75 .001 SPRAY DROPLET DIAMETER
****** NOT USED IN MELCOR

**NOT_IN_MELCOR***
*
**276 .10 INITIAL RELATIVE HUMIDITY IN REACTOR BUILDING
****** 0.0 PER ROC WITH LEV NEYMOTIM (BNL) ON 02/12/91
* 0.0 **USE_MELCOR_ DATA **
*
**277 295.0 AMBIENT OUTSIDE TEMPERATURE
**6*** 299.8 CV410A2
77 295.0 **USE_MAAP_ DATA **
*
**278 1.E5 AMBIENT PRESSURE
* * * * * * 1013 2 6 . CV410A1
78 1.E5 **USE_MAAP_ DATA **
*

79 347.0 DAMPER CLOSING TEMPERATURE
10 1.E10 SPRAY INITIATION TEMPERATUkE
11 1.E10 CO2 INITIATION TEMPERATURE j

12 1.E10 TOTAL AEROSOL MASS REQUIRED TO TEAR OUT SGTS FILTERS
13 100.0 SGTS FILTER DF
14 6.2 XRBRRB(1) CHARACTERISTIC RADIUS OF NODE 1 FOR H2 BURNS |

15 7.8 NODE 2
;6 4.2 NODE 3
;7 20.8 NODE 4 |
18 10.1 NODE 5
;9 14.7 NODE 6
60 14.5 NODE 7
il 7.5 NODE 8
2 24.2 NODE 9
4 6.1 XHBRRB(1) CHARACTERISTIC HEIGHT OF NODE 1 FOR H2 BURNS
5 202. NODE 2
6 25.7 NODE 3
7 17.3 NODE 4
8 8.5 NODE 5
9 6.1 NODE 6
0 6.1 NODE 7
1 4.0 NODE 8
2 14.2 NDOE 9
4 0.D0 XIGRB AVERAGE ELEVATION OF IGNITERS ABOVE FLOOR ;

i



in
1

05 0.D0 NODE 21
06 O.DO NODE'3

g'07: 0.00 NODE 4
'08 0.DO NODE 5-

09 0.D0 NODE 6
10 0.D0 NODE 7
11- 0.D0 NODE 8
12 0.D0 NODE 9
0

O

IOPOLOGY
0.
c 1 2 3 4 5 6 7 8 -

'o NODE 1, NODE 2, V1-HO, ELEV, WIDTH, HEIGHT, LENGTH, AREA
0 A = (A/(KLOSS)**0.5)
UNCTION 1-2

1 2 2 13.1 3.31 3.31 0.86 12.164

UNCTION 2-4
2 4 1 8.6 6.50 6.50 3.32 46.959

UNCTION 2-3
2- 3 0 4.3 5.64 5.64 2.50 35.361

,

UNCTION 3-9 '

3 9 1 8.6 1.89 1.89 0.28 3.960

UNCTION 4-6
4 6 1 8.5 6.50 6.50 3.32 46.959

UNCTION 4-5
4 5 0 4.25 7.47 7.47 4.38 61.952

UNCTION 6-8
6' 8. 1 11.3 6.50 6.50 3.32 46.959

UNCTION 6-7
6 7 0 5.65 9.75 9.75 7.46 105.516

UNCTION 2-10
2 10 0 4.3 0.178' O.178 0.0025 0.025

UNCTION 3-10
3 10 0 4.3 0.178 0.178 0.0025 0.035

JNCTION 4-10
4 10 0 4.25 0.178 0.178 0.0025 0.025

JNCTION 5-10
5 10 0 4.25 0.178 0.178 0.0025 0.025

(~ JNCTION 6-10
6 10 0 5.65 0.178 0.178 0.0025 0.025

JNCTION 7-10 m ,

'

7 10 0 5.65 0.178 0.178 0.0025 0.025

JNCTION 8-10
8 10 0 8.8 5.33 5.33 2.23 31.542

JNCTION 8-10A
8 10 0 9.45 0.373 0.373 0.0109 0.109

( : JNCTION ' 9-10
9 10 0 8.4 0.607 0.607 0.0109 0.29

)NTAINMENT INTERFACE
-5.0

ID
t

racco****************************************************************
'LTMAP~
!EQ.'1.0 300.Oecacce******************************r******************w*************

MAAP BWR PLOT FILESe

tcocc********************+*******************************************
Li

,



*m 'L q n+ -- ~gcc ~wy - v r nm , .+,. . .. ~ y;
1

n
simp w. n: . + x, ~ >

' 'y,m w. xs , ,

. ,

N '~

k. <3 i M, n ; g, ,. ,

' ''
4>

F L 41 h/ PRIMARYiSYSTEM' 1 .
.

y

'

t i
'

J

, <

nc===>UFIGURES{OF MERIT!FORDMAAP-MELCOR1 COMPARISON . ,
*

% P8 ; TOPS , TWPS , TSATPS , TWLP , TWSH , MFSTPS , MFH 2 PS , MF02 PS , MFN2 PS , MFCOPS , MFC2 PS i y,

ciJ4 JET ; XWCOR , XWSH , XW (1) ] XW ( 2 ) , XW ( 3 ) , XW ( 4 ) , XW ( 5 ) : "

c* f PRIMARY. SYSTEM ' HEAT SINK IN ' PICT FILE > #4 6 ' ' u4

/ kt,CMLP,TLCMLP) |' j,

l*===>LFIGURES OFfMERIT @R'MAAP-MELCOR COMPARISON W
'

4

' joRE,WCORI,WSTBRK,WFLSH,WFLLP,WFLPS. S.. U
.

c.4I4CA,MWSH,WJETO,MWLPP,MWPSP,MSTPSP,MU2CT,XHCMLP,MCRUST !
'SIMRAT,QDECAY,WWRV,WWSV 1
geobco****************************************************************.~ q<

:n6:
'

U[LOTFILL42',/: 'HEATUP '
.N'f*==o; FIGURES OF MERIT FOR MAAP-MELCOR COMPARISON

#-

7110P,T15P,MH2GI4 H

92RN ( 1,1) , TCRN (1, 2 ) , TCRN ( 1, 3 ) , TCRN (1, 4 ) , TCRN ( 1, 5 ) , TCRN (1, 6 ) , TCRN ( 1, 7 ) %
~

'

w4N. 2RN ( 1, 8 ) ', TCRN ( 1, 9 ) , TCRN ( 1,10 ) .

c@J.J2N (1,1) , MU2N (1,2 ) ,MU2N (1,3 ) ,MU2N (1,4 ) ,MU2N (1,5) , MU2N (1,6) , MU2N (1,7) '
,$J2N (1,8 ) , MU2N (1,9) ,MU2N (1; 10)

'

q
4t*===>oFIGURES.OF MERIT'FOR MAAP-MELCOR COMPARISON '

g3COR,WH2COR,MWBYP,TCOMO '/
'ECCSS,WECCSI,WSTRV,PDWWW,VLCSTP,TLCMLP,UCMLP-

'**oco**************************************************************** , g

.;

<LOTFIL 43 / DRYWELL .. \ d*===> FIGURES OF MERIT FOR MAAP-MELCOR COMPARISON
. DW,TGDW,TWDW,MWDW,XWDW,MCMTDW,TCMDW,MU2DW R4

0FO2DW,NFC2DW,NFSTDW,NFCODW,NFH2DW,NFN2DW,XCNDWP,MH2GLO,MCOGLO-
'

ja CMDW (1) , MCMDW ( 2 ) , MCMDW ( 3 ) , MCMDW ( 4 ) , MCMDW ( 5 ) , MCMDW ( 6) , MCMDW ( 7 ) , MCMDW ( 8 )~
T.

'

'
y

. *===> FIGURES:OF~ MERIT FOR.MAAP-MELCOR COMPARISON 'H
@RITP,FQTOT,QRVDW' ' ' q.,,

~

oceoco***************************************************************t4
.

Q,d.* f * .

. /. ~ PEDESTAL AND WETWELL .a
'

* '.4TFIL : 4 4 - '

M==oD FIGURES OF : MERIT- FOR MAAP-MELCOR COMPARISON .
l?D,TGPD,TWPD,MWPD,XWPD,McMTPD,TCMPD,MU2DP
f?O2PD,NFC2PD,NFSTPD,NFCOPD,NFH2PD,NFN2PD,XCNPDP

FMPD ( 1) , MCMPD ( 2 ) , MCMPD ( 3 ) , MCMPD ( 4 ) , McMPD ( 5 ) , MCMPD ( 6 ) , MCMPD ( 7 ) , MCMPD ( 8 ) I,y
og -

..;

)d[fW,TGWW,MCMTWW,TCMWW,MU2WW' . . ,
'

W O2WW,NFC2WW,NFSTWW,NFCOWW,NFH2WW,NFN2WW- ,;

3O ==o( 1) , MCMWW ( 2 ) , McMWW ( 3 ) , McMWW ( 4 ) , McMWW ( 5 ) , MCMWW ( 6 ) , MCMWW ( 7 ) , McMWW ( 8 ) ^
OMWW ms,

iFIGURES.OF MERIT FOR MAAP-MELCOR' COMPARISON ' L'
' '' '

,

*i, i 1S P , TWS P , TS ATWW , XS PWW , XS PDW , TETS P , TGTRP , THS 2 P ( 1 )
.

,

- -,cocco*************************************************************** , -_ p:, :
";

.
.

,
.

:{? . ..

./': FISSION. PRODUCT RELEASES ;'']

, ,

J TFILi45.
5'==o ! FIGURES - OF' MERIT FCR MAAP-MELCOR ' COMPARISON o

4 /PTC , MFPTP, FMCSIP, FMCSID, FMCSIW, FMCSIR ' P ,~|
,

QPRIN (1) , MFPRIN ( 2 ) ', MFPRIN ( 3 ) , MFPRIN ( 4 ) , MFPRIN ( 5 ) *, MFPRIN ( 7 ) , MFPRIN ( 8 ) ' i*;PRIN ( 9 ) , MFPRIN (10 ) ', MFPRIN (11) , MFPRIN ( 12 ) .
'

'
.

CPREX ( 1) , MFPREX ( 2 ) , MFPREX ( 3 ) , MFPREX ( 4 ) ~, MPPREX ( 5 ) , MFPREX ( 7 ) , MFPREX ( 8 ) .
,

' "

WPREX(9)',MFPREX(10) ,MFPREX(11) ,MFPREX(12) o i

'==o3FIGURESsOFJMERIT:FOR MAAF-MELCOR1 COMPARISON N

jtFREL(1) ', FREL(2 ) , FREL(3 ) ) FREL(4 ) , FREL(5) , FREL(6) , FREL(7) , FREL(8) . ' ' ,

1 FREL( 9 ) , FREL (10) , FREL(11) , FREL(12 )L
' ' ~ $ ., d

S ocoo***********************************e****************************. ;j
:J r O,.',,, .,

.

. .

_

NDTFIL[46 L i / " RPVJ 4 L CONTAINMENT MEAT SINES - .

.

y)
<

.

%HSF ( 1) , TPMSF ( 2 ) , TPMSF ( 3 ) ', TPHSF ( 4 ) , TPHS F ( 5 ) , TPHS F ( 6 ) i TPHS F ( 7 ) ' -K '
,

'''
' '

.y; s r'% . . ,

*
' '

.| l.{ .
'

4, b i
,



;

<

dPHS F ( 8 ) , TPHS F ( 9 ) , TPH ~ F ( 10 ) , TPHS F ( 11) , TPHS F ( 12 ) , TPHSF ( 13 )
!'PHSF(14) ,TPHSF (15) ,TPHSF (16)

,

THS1P(1) ,THS2 P(1) ,THS3 P(1)
?CNPD(1),TCNDW(1),

?SIHS1,TSOHS1,TSIHS2,TSOHS2,TSIHS3,TSOHS3,TSIHS4,TSOHS4,TGDW
?CCR,TGSH,TGSS,TGUH,TGUD,TGLD,TGLH,TGRR
eccooc****************************************************************

p to

. ?I4TFIL 47 / MASS & ENERGY BALANCE .

'c===> FIGURES OF MERIT FOR' MAAP-MELCOR COMPARISON '|
012CPT,MH20PB,MH20ER,UTOTT,UPSB,UPSE
GIOCNT , McNB , MCNE , UCNTT , UCNTB , UCliTER
(FW,MSTSLO,MH20ZR,WSTSRV,UFW,USI4,UPSHS,UH20ZR,UFPDEC

-IPSCT,UPSCNT,UPSLOS,UDKCNT,UCNABL,UHSTOT
'0===> FIGURES OF MERIT FOR MAAP-MELCOR COMPARISON
ec
vococe****************************************************************
,o.

'o NOTE: IF YOU ARE NOT MODELING AUXILIARY BUILDINGS, (EG., INODRB=0
M* IN * CONTROL SECTION) COMMENT THE NEXT EIGHT LINES WITH **
SLOTFIL 48 / AUXILARY BUILDING
;WRB(1),ZWRB(2)
?GRB ( 1) , TGRB ( 2 ) , TGRB ( 3 ) , TGRB ( 4 ) , TGRB ( 5 ) , TGRB ( 6 ) , TGRB ( 7 ) , TGRB ( 8 ) , TGRB ( 9 )
?RB ( 1) , PRB ( 2 ) , PRB ( 3 ) , PRB ( 4 ) , PRB ( 5 ) , PRB ( 6 ) , PRB ( 7 ) , PRB ( 8 ) , PRB ( 9 )
(RB ( 1) , WRB ( 2 ) , WRB ( 3 ) , WRB ( 4 ) , WRB ( 5 ) , WRB ( 6 ) , WRB ( 7 ) , WRB ( 8 ) , WRB ( 9 ) , WRB ( 10 )
?HSGTP (1) , FMSGTP ( 2 ) ,1 ASGTP ( 3 ) , FMSGTP ( 4 ) , FMSGTP ( 5 ) , FMSGTP ( 6 )
TMENVP (1) , FMENVP ( 2 ) , FMENVP ( 3 ) , FME ' /P ( 4 ) , FMENVP ( 5 ) , FMENVP ( 6 )
(FH2RO (1) , NF02RB (1) , NFCORB (1) , NFC2RD (1) , NFSTRB (1) , NFN2RB (1)
IFH2 RB ( 2 ) , NFO2 RB ( 2 ) , NFCORB ( 2 ) , NFC2 RB ( 2 ) , NFSTRB ( 2 ) , NFN2RB ( 2 )
IFH2 R3 ( 3 ) , NF02 RB ( 3 ) , NFCORB ( 3 ) , NFC2 RB ( 3 ) , NFSTRB ( 3 ) , NFN2 RB ( 3 )
(FH2 RD ( 4 ) , HF02RB ( 4 ) , NFCORB ( 4 ) , NFC2RB ( 4 ) , NFSTRB ( 4 ) , NFN2RB ( 4 )
IFH2 R3 ( 5 ) , NFO2RB ( 5 ) , NFCORB ( 5 ) , NFC2RB ( 5 ) , NFSTRB ( 5) , NFN2 RB ( 5)r

IFH2 RB ( 6 ) , NF02 RB ( 6 ) , NFCORB ( 6 ) , NFC2 RB ( 6 ) , NFSTRB ( 6 ) , NFN2RB ( 6 )
IFH2RB ( 7 ) , NF02RB ( 7 ) , NFCORB (7 ) , NFC2RB ( 7 ) , NFSTRB ( 7 ) , NFN2 RB (7 )

- IFH2 RB ( 8 ) , NF02 RB ( 8 ) , NFCORB ( 8 ) , NFC2RB ( 8 ) , NFSTRB ( 8 ) , NFN2RB ( 8 )
TH2 RB ( 9 ) , NF02RB ( 9 ) , NFCORB ( 9 ) , NFC2 RB ( 9 ) , NFSTRB ( 9 ) , NFN2RB (9 )
C FMTOTP ( 1) , FMTOTP ( 2 ) , FMTOTP ( 3 ) , FMTOTP ( 4 ) , FMTOTP ( 5 ) , FMTOTP ( 6 )
o
cocco************************************************w***************
0

'LOTFIL 77 /MORE PLOT VARIABLES OF-INTEGRAL M & E FOR NEW OUTPUT C

:WPS , HWSH , HNLP , MWCOR , MWSH , MWLP , TGPS , TG SH , TGLH
c
'ococc*******************************************************c********
o-
LOTFIL 78 /MORE PIDT VARIABLES OF INTEGRAL M & E FOR NEW OUTPUT
UCPD,XLCPD,XUCDW,XLCDW,TCMPD,TCMPPD,TCMIPD,TCMDW,TCMPDW,TCMIDW
XCNPD,FXCNDW,XCNPD,XCNDW
c; .

ococc***********o****************************************************
.b

'LOTFIL 79. /MORE PLOT VARIABLES OF INTEGRAL M & E FOR NEW OUTPUT
LT(250) , PLT (251) , PLT (252) , PLT (253 ) , PLT (254 ) , PLT (255) _
LT (111) , PLT (112 ) , PLT ( 113 ) , PLT (114 ) , PLT ( 151) , PLT ( 152 ) , PLT ( 115 )
LT (121) , PLT (122 ) , PLT (123 ) , PLT ( 124 ) , PLT (161) , PLT (162 )
LT (131) , PLT ( 13 2 ) , PLT (133 ) , PLT ( 134 ) , PLT (171) , PLT (172 )
LT(141), PLT (181)
LT(198) , PLT (199)

' LT ( 201) , PLT ( 202 ) , PLT ( 203 ) , PLT ( 204 ) , PLT ( 208 ) , PLT ( 209 )
LT ( 212 ) , PLT ( 213 ) , PLT ( 214 ) , PLT ( 219 )

,
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@,J LT (' 221)', PLT ( 22 2 ) , PLT ( 223 ) , PLT ( 224 ) ', PLT ( 22 8 ) ', PLT ( 229 ) -CSP (1) , MCS P ( 2 ) , MCS P ( 3 ) ', MCS P ( 4 ) , MCS P ( 5 ) , MCSP ( 6 ) , MCSP ( 7 ) ', MCSP ( 8 ) .
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-6600c**************************************************************** 1

D EVTMES.
^

^J
L

E: 1. T TYPE '1C RELIEF VALVE OPEN .i
:11 F ' ; TYPE : le RELIEF VALVE CI4 SED '

,'2i:T: TYPE J 2 RELIEF VAI'JE OPEN 1.. ,

V22 F' TYPE j 2 ' RELIEF VKGVE CIDSED 1

"3; T'LTYPE 3.RELIEP VALVE OPEN
3,:F TYPE J 3 RELIEF _ VAuVE CLOSED

';

- (4' : T - TYPE 4 RELIEF VALVE OPEN-
4; F TYPE '4 RELIEF VALVE CIASED -

,

!

M 51.T ' ADS '. PERMISSIBLE-LP PUMP ON
-

i6 :.T ' ADS SIGNAL-LOW WATER,HIGH DW PF3SURE >"' '

'

E7:iT .HPCI ON .

|.7 . Fx HPCI.OFF <

,8. T VESSEL FAILED l
'

.

'9- T''HIGH VESSEL PRESSURE SCRAM , 1

10 T ' SCRAM SIGNAL RECIEVED
'll T: SHROUD WATER SATURATED' <

11i F. SHROUD WATER SUBCOOLED
'

/12~ T' IDWER PLENUM WATER SATURATED.,,

412 i F. LOWER , PLENUM WATER SUBCOOLED
13 T LPCI IDOP '2 ON j
13 F' LPCI IDOP 2 OFF
14: T- RHR-HTX..#1 ON $
'14 'F RHR HTX. f1 OFF

' 15 T RHR:HTX. #2 ON'

:15 F .RHR HTX. #2 OFF y>

' ' 16 T' CORE. PLATE FA'' LURE .91

L 1,7 'T. CALL HEATUP'
17 F 3 |NO IANGER CALLING HEATUP ?
.18 , T JHIGH WATER LEVEL IN SUPP.. POOL
,181 F< NO IANGER- HIGH LEVEL IN SP , ,

i19: LTE FEEDWATER PUMP TRIPPED
?19 ' : F/ FEEDNATER ON

; d 20 T '. ADS : ON. ,

, : 20 | . F " ADS OFF , .

'21 T 'CORIUM' CONTACTING PEDESTAL FLOOR
'22 . - T EX-VESSEL STEAM :EXPIASION IN PEDESTAL . , ,

Li3 7 T. INITIATION SIGNAL RECVD FOR LPCI #2
-

p 23 F < INITIATION SIGNAL' IDST FOR| LPCI : #2 -
' r 14 - TJ SUCTION PRESS LIMIT ' REACHED OH LPCI ' f 2

'
'

.

6 15 ? T ' DIESEL !DADING PERMISSIBLE FOR HPCS.
,16 T' HPCS ON

9" '16 3F- HPCS OFF .
.

u!7 'T:- ; LPCI IDOP 1 ON ,y

:7.1 F ' :LPCI .140P 1 OFF
-S68..T LPCS ON- ,

. !8 F? LPCSJ.0FF
"

i9 .T RCIC ON-
. 9. F RCIC OFF. 'l
30 T . CORE' UNCOVERED'

-

4- io- Fu" CORE COVERED. .
, .,

41* T: 18HROOD WATER LEVEL < ~ ELEVATION AT TOP'OF JET PUMP .

'"
:1' ; F SHRO'JD WATER : LEVEL > ELEVATION AT TOP OF. JET PUMP -

.

t

[ "$/ /. ) 6 t.
#
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'32 :T' EDIESEL IDADING : PERMISSIBLE FOR LPCI'

@ '33 : T'" DIESEL LOADING PERMISSIBLE FOR LPCS
'34'.T HP INJECTION SUCTION FROM SUPPRESSION. POOL
34.LF.'HP INJECTION SUCTION FROM~ CST .

( 35' 'TJ ~CORIUM IN I4WER PLENUM-QUENCHED
L35 ? F' CORIUM IW ICWER. PLENUM NOT GUENCHED
36 T- .CORIUM'PRESENT IN: LOWER PLENUM
36- F- CORIUM~NOT.'PRESENT IN' LOWER PLENUH

i37-.T: IDW WATER LEVEL'.IN CST...
' 3 7. F> NORMAL' WATER LEVEL IN CST-
'38 T .CORIUM AND WATER PRESENT IN 14WER PLENUM '

AL38 .F 'CORIUM AND WATER NOT PRESENT IN'ICWER PLENUM
'

J39a .T LEVEL 8 HIGH WATER LEVEL
-

139. F- RESET LEVEL'8 TRIP
M-4 0 T INITIATION' SIGNAL RECVD FOR HPCI

,40 'FL' INITIATION SIGNAL IAST FOR HPCI
14 1 T ~ INITIATION-SIGNAL'RECVD FOR HPCS'

'41. F INITIATION SIGNAL. LOST FOR HPCS
42: sT'' INITIATION SIGNAL RECVD'FOR LPCI #1

,

'4 2 - F' INITIATION SIGNAL I4ST FOR LPCI #1
'' 4 3 - T INITIATION SIGNAL RECVD FOR LPCS
'43 F'. INITIATION SIGNAL LOST-FOR'LPCS

'

44. T INITIATION SIGNAL RECVD FOR RCIC
-44 .F INITIATION SIGNAL ICST FOR'RCIC
'45 T HPCI TRIPPED OFF
146 T SUCTION ' PRESS LIMIT REACHED ON HPCS'

L47 -T SUCTION ^ PRESS LIMIT PEACHED ON LPCI #1
48 T SUCTION. PRESS LIMIT REACHED ON LPCS
49' T- RCIC TRIPPED

,-49 F., RESET RCIC TRIP-

.50 T LPCI #1 TO DRYWELL SPRAYS - OPEN
, 50 F. LPCI #1'TO'DRYWELL' SPRAYS CLOSED '

51 T ' LPCI #2 TO DRYWELL SPRAYS '- OPEN :
51' F LPCI '#2: TO DRYWELL SPRAYS - CLOSED
,52 T - LPCI #1 'TO WETWELL SPRAYS - OPEN -
'32 F LPCI #1' TO WETWELL SPRAYS s CICSED .
$3 T LPCI #2 TO WETWELL SPRAYS - OPEN -
53 L F . LPCI - #2 TO. WETWELL SPRAYS - CI4 SED ;

:34 .T.'LPCI #1 TO VESSEL"- OPEN
54 . F ~ LPCI ' #1' TO VESSEL -- CI4 SED,

,55'3T LPCI:#2'TO VESSEL .OPEN'
L55 ' F : : LPCI: #2 ' TO : VESSEL - CLOSED

.J 36 iT LPCI'#1 TO SUPPRESSION' POOL -'OPEN ' '

F.. :LPCI #1 TO SUPPRESSION POOL - CIASEDJ s" 25 6-
.. .- 3 7 T.';LPCI"#2 TO? SUPPRESSION: POOL - OPEN-
't ' 3 7 i -. F LPCI #2 TO SUPPRESSION POOL - CLOSED

~

58 T LPCI' I4OP 3 ON -
, 58 ' F ' . LPCI I4OP 3 OFF
.19 : ' T | INITIATION; SIGNAL.RECVD FOR.LPCI #3
119 F'rINITIATION SIGNAL ICST.~FOR LPCI'#3 ,

<

.50 T- SUCTION PRESS LIMIT REACHED ON LPCI #3

.11 T TYPE 5 SAFETY VALVES OPEN
# ' il - F | TYPE.5 SAFETY VALVES CLOSED. ,

12 . T . MSIV CIASED
' 12 'F MSIV OPEN.

IASS OF AC ' POWER'. (I4CKED)13 . Tc f

14 'T: ' REACTOR SCRAMMED'
, : 15 ' 7|: ~ RECIRC PUMP TRIPPED-

' 16 L T TURBINE ~STOP VALVES CIASED4
.

TURBINE STOPjVALVES..OPEN16| F.
c, , , .r,

w
' 'h ,,f s c

,

,I 'e ' .[b _
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1674..'T fLP' PUMP PERMISSIBLEJFOR;WETWELL; SPRAYS-
-

,

# 4
T58|| 'TH WETWELL) SPRAYS (MARKIII).;ON: '

458$Fi WETWELL' SPRAYS (MARKIII)T.OFFi '

$$9GT3[HPSW INJECTIOK: ON
' .

,

339.N TR HP8WEINJECTION OFFL
,

- ..
L

'70:L(TifPERMISSIBLE FOR.RPT
I

'

l :
4

Ti' CRD ; PUMP ON ' j
1h]1

171?1F.? CRDJPUMP OFF,
(WATER IN1 CORE. SATURATED075 j T ,

'

t

475 IFE ' WATER;IN.: CORE SUBCOOLED *

M76!JT .CORIUM. ENTRAINED;IN' PEDESTAL
"("

.

y763.F|.CORIUM:NO?IDNGERLENTRAINED.IN PEDSTAL '

b77f T7 WATER ENTRAINED.IN PEDESTAL
.

E 7. :- : F J WATER NO;IDNGER' ENTRAINED IN PEDESTAL'7
d78, T. 1IDW : LEVEL TRIP ' FOR. HPCI '

,

,

7782 F RESET -IDW ^ LEVEL TRIP FOR HPCI '

a: A
L79i T HIGH.DRYWELL. PRESSURE.FOR.HPCI

. RESET HIGH DW RESS."FOR HPCIP0 79 LF
130c T.LLOW LEVEL TRIP FOR HPCS V

.

,|30JLF;; RESET IDW LEVEL. TRIP'FOR HPCS 'M
,

E316 T- HIGH DRYWELL PRESSURE'FOR HPCS "
'

31L'Fe, RESET'HIGH:DW' PRESS..FOR HPCS
l

a 32 :T ' .'IDW . LEVEL . TRIP FOR RCIC '
'

tB2' FJ. RESET LON LEVEL TRIP FOR RCIC i

L83'.TD.HIGH DRYWELL' PRESSURE FOR RCIC
-

,,

:83'~F'1 RESET HIGH DW PRESS.'FOR RCIC
'84L1T lIDW LEVEL TRIP FOR LPCI .*[

.

K84^ F'' RESET LOW LEVEL TRIP.FOR LPCI
-

i>

i35-1 T HIGH DRYWELL PRESSURE FOR LPCI 9.Y H
.

35) F| RESET HIGH4DW PRESS. FOR LPCI
-

'<y

/36s>T. LPCILFIDW > 0- ,,f.
L.3 6 F' LPCI'FIDW = 0. ' ',' '

-37' T ' LPCS FIDW '>: O '
>

c371F LPCS~FIDW = 0i

- ,.'38', j T ' ) DRYWELL VENT OPEN
. L3 8 '; | F |. DRYWELL' VENT CIDSED M139e 'T":FIRST CALL TO ICRUST m '

')0s T C IDW LEVEL -TRIP : FOR: LPCS.
,

3)0 'F', RESET. LOW LEVEL. TRIP FOR LPCS *
. ,

-

L)1'.~T"'HIGH DRYWELL PRESSURE FOR LPCSL Hd
'

al; F: RESET:HIGH1DN' PRESS;.FOR LPCS ''o'

a12L?T, HIGH RCIC TURBINE. EXHAUST . g. f

:i3 ?T: IDW WATER. TRIP,FOR, ADS- . <Q[
''

,12 F NO! LONGER 1HIGH RCIC TURB. EXHAUST
,%

,

13: F;LRESET IDWLWATER: TRIP FOR' ADS < J f|-)4 i T1 HIGHiDRYWELL PRESSURE TRIP'FOR' ADS ,

F;iRESET HIGH.DRYWELLJPRESSURE TRIP FOR-ADS
j'

?14i
,

o
J15 i T' PEDESTAL.DOWNCOMER'HAS FAILED.

,

"

E 15 i ! FL PEDESTAL ~DOWNCOMER NOT' FAILED *l'

indi:T'JAUX. CONDENSER ON
'd61'FL" AUX 1 CONDENSER OFF?
4 t7s.T- 'HIGHLRPV PRESS; INITIATION-FOR ISO COND s

'

@7 ~F? NO HIGH1RPV'' PRESS' INITIATION FOR ISO COND ;'

i8T T ~RX' BLDG FIRE SPRAYS!ON-
<

h' '

78i'FL .RX BLDG FIRE" SPRAYS OFFc '
,

!9 .TL'RX BLDG'CO2EFIRE SUPPRESSION ON4 -"

99?FFJLRX| BLDG,CO2'FIRELSUPPRESSION OFF
"o iIO, T;LM2LBURNING: IN1RX BLDGJ y

i'

yJO i 'Fi ;M2 NO"r ' BURNING IN RX . BLDG ;'

. , T:}1
''

.
.441';T; SURNINGiIN:: PEDESTAL 1 , .

.;' ' x> ,

, * . , C ,.

fG.%
' '

< >+

| .],
, ,

"l, , c .. g4 ; , . , , , ,, , _ _

* '
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h F.' BURNING.OVER.IN PEDEf,TAL-
'

'

"

321,T?..CORIUM-TEMP.-'ABOVETCONTRETE' MELTING'IN PD ' a
d 2: ;F CORIUM TEMP. BEIhWTCONCRETE MELTING IN PD
$3[ |T LWATERLIN PEDESTAL'

03 'F..NO' WATER'IN1 PEDESTAL'
>4 :T WATER SATURATED IN PEDESTAL.-

'4- Fc WATER NO1IANGER SATURATED IN PEDESTAL
'e5'LT.:CORIUM QUENCHED.IN' PEDESTAL' ,

15 F 'CORIUM NOT: QUENCHED IN PEDESTAL
..36 LT<.LCORIUM:AND< WATER PRESENT IN PEDESTAL
%6? F 'NO:CORIUM'OR NO' WATER PRESENT IN PD
, $7 : 'TT'CORIUM TEMP'< CORIUM MELTING POINT IN PD <
;

.

97L 4 F .CORIUM TEMP > CORIUM MELTING POINT IN PD
18' T .' FIRSTLCALL TO FREEZE
o9 -T WETWELL' VENT'OPEN

':9 F' WETWELL VENT CLOSED
:Of 'T RCIC' SUCTION FROM SUPPRESSIION POOL

J0'.F. RCIC. SUCTION FROM CST ,

, J1- ; T . PRIMARY SYSTEM COUPLED ,

il " ' F ' PRIMARY SYSTEM NOT COUPLED'

~2, T MWLP G.T. MWMIN
32 .F- MWLP L.E. MWMIN
.3 'T ADS VALVES 'OPEN DUE TO I4W DRYWELL PRESSURE ''

.3. F . ADS' VALVES CLOSED DUE'TO HI DRYWELL PRESSURE

.4 T ADS. VALVES OPEN DUE TO HI RPV PRESSURE-
i4' P' ADS VALVES CI4 SED 'DUE -'TO LOW RPV PRESSURE
.5' T START TO CALL FISSION PRODUCT MODELS <i<

.5 F FISSION PRODUCT MODELS:NOT CALLED
,

.6 T. BURNING IN DRYWELL

.61JF : BURNING OVER-IN DRYWELL'
;7. LT. CORIUM TEMP. ABOVE CONCRETE MELTING IN DW

''

> ,7 F CORIUM TEMP.<BELOW CONCRETE MELTING IN DW
t. 8 T REVERSE FI4W THROUGH" SUPPRESSION. POOL VENTS

'. :8- F- NORMAL FI4W RESTORED IN SUPPRESSION POOL VENTS
T9 >T ~ WATER IN,DRYWELL 1; ,;

,

.9' F -NO WATER IN DRYWELL
0- T PDW'>z PPD
0 F 'PDW < PPD
:1 1T- WATER. TEMP. ABOVE SATURATION IN'DRYWELL: ,

:lt 'F ' WATER TEMP. BELOW SATURATION IN DRYWELL
'2~,T'.CORIUM.: QUENCHED IN'DRYWELL
12?:F:!CORIUM.-NOT QUENCHED IN DRYWELL
;3| T- CORIUM AND WATER PRESENT'IN DRYWELL
(3. cF CORIUM AND WATER NOT IN.DRYWELL m
.4 -T CORIUM TEMPc< CORIUM MELTINGiPOINT IN.DW- '

'

'4 F. CORIUM TEMP->.CORIUM MELTING POINT IN DW.
'

<

x

F ES T I4W DWNCMR~~ L PLEN. PATH OPEN FOR CIRC'
5 F' IDW!DWNCMR!- L PLEN PATH NOT OPEN FOR CIRC :

. 6''T.:.UP DWNCMR - SEP PATH OPEN.FOR? CIRC
.6 fF' UPJDWNCMR SEP PATH:NOT OPEN FOR CIRC
E7."T .RECIRC'IDOP OPEN FOR CIRC;

7 FL-RECIRC IDOP NOT OPEN FOR: CIRC
-3 T. TEMP . LIMIT , REACHED L ON HPCI: SUCTION -

13.'F.': TEMP; LIMIT NOT REACHED ON'HPCI. SUCTION.
3;~T .HIGH TURB~ EXHAUST FOR'HPCI

' ~ . '3 F. RESET HIGHLTURB EXHAUST FOR HPCI j'

Q,T IAW RPV PRESSURE FOR HPCI
L33 rF.'' RESET IDW RPV PRESSURE:FOR HPCI i

' 1' FT - BURNING:IN WETWELL
,

1? :F .- BURNING _OVER"IN.WETWELL+

h ,'+ ' '-
3; '

'

1 , ,

_ .



12. T- 'CORIUM TEMP > CONCRETE MELTING IN WETWELL
'

.2 F CORIUM TEMP < CONCRETE MELTING IN WETWELL
'3- T. VACUUM. BREAKERS OPEN
c3 - F VACUUM BREAKERS CLOSED
4 .T WATER IN'SUPP. POOL.
'5. T SUPPRESSION POOL SATURATED
5 F-' SUPPRESSION POOL NO I4NGER SATURATED
6 T. CORIUM QUENCHED IN WETWELL
6 F CORIUM TEMP. ABOVE WATER SATURATION IN WW
7 ^T CORIUM AND WATER PRESENT IN WETWELL

,8 ' T CORIUM TEMP -< CORIUM MELTING POINT IN WW
8 F CORIUM TEMP > CORIUM MELTIl19 POINT IN WW
9 T RX BLDG FIRE WATER DEPLETED

L9 F RX BLDG FIRE WATER NOT DEP WTJD
0 T SUPP POOL LEVEL BELOW VENT PIPE
0. F SUPP POOL ' LEVEL ABOVE VENT PIPE
1 T TOP VENT OPEN (MIII)

'2 T TOP VENT COVERED (MIII)
3 T TOP VENT OPEN & MID VENT COVERED (MIII)

.4 T MID VENT OPEN & BOT'IOM VENT COVERED (MIII)
~5 T BOTTOM VENT OPEN (MIII)
,6 T MWCA > 0 KG.
,6 F MWCA = 0 KG.
;7 T DURNING IN MIDDLE CONTAINMENT (MIII)
17 .F BURNING OVER IN MIDDLE CONTAINMENT (MIII)
18 T MWCB > 0 KG.
18 F MWCB = 10 KG.
19 T BURNING IN UPPER CONTAINMENT (MIII) ''

i9 F BURNING OVER IN UPPER CONTAINMENT (MIII)
10 T RX BLDG CO2 SUPPRESSION DEPLETED

-10 F RX BLDG CO2 SUPPRESSION NOT DEPLETED
il T RX BLDG DAMPERS CICSED
il F RX BLDG DAMPERS OPEN
42 T DRYWELL PURGE' SYSTEM ON
2 F 'DRYWELL PURGE SYSTEM OFF
3 'T LOCA SIGNAL FOR UPPER POOL DUMP
4 T UPPER POOL. DUMP ACTIVATED
5 T CONTAINMENT PURGE ON
5 F CONTAINMENT PURGE OFF
000REV 7, ADD MISSING EVENT MESSAGE #156
6 T IGNITERS HAVE POWER
6' F . IGNITERS . DO NOT HAVE POWER
7 T DRYWELL PURGE PERMISSIBLE
8 T~ END OF UPPER POOL DUMP
9 T BATTERY POWER UNAVAILABLE
9 F BATTERY POWER AVAILABLE
O~T LOW LEVEL FOR SCRAM
1- T HIGH DRYWELL PRESSURE FOR SCRAM
2 .T. HIGH DRYWELL PRESSURE FOR SPRAYS
3 T HIGH WETWELL PRESSURE FOR SPRAYS
4 T HIGH SUP9. POOL TEMP. FOR RCIC
5 T LOW RPV PRESSURE FOR RCIC
6 T CORIUM IN WETWELL r error writing device PRN
ort, Retry, Ignore, Fail? r

6 F CORIUM NOT IN WETWELL
8 'T DRYWELL LEAK HAS PLUGGED
8 .F DRYWELL LEAK NOT PLUGGED
9 T PLUGGED LEAK PATH BI4WN OPEN
9- F- PLUGGED LEAK PATH.NOT BLOWN OPEN



B

70- T ' CORE RADIAL REGION 1 HAS BLOCKED
70. F CORE RADIAL' REGION 1 NOT-BLOCKED

371 'T CORE RADIAL REGION 2 HAS' BLOCKED.

71 F CORE RADIAL. REGION 2 NOT BLOCKED
,.72 T CORE RADIAL REGION 3 HAS BLOCKED

L72 - F CORE ~ RADIAL REGION 3 NOT BLOCKED
73' T: CORE RADIAL-REGION 4 HAS BLOCKED

s73- F- CORE RADIAL REGION 4 NOT BLOCKED
74 T CORE RADIAL REGION 5 IIAS BLOCKED
74 .F CORE RADIAL REGION 5 NOT BLOCKED
ce99REV 7, ADD NEW EVENT CODE MESSAGES 175 THRU'178, 180 THRU 188'

.' 75 T INITIATION SIGNAL RECEIVED FOR DRYWELL COOLERS
07 5 F INITIATION SIGNAL IDST FOR DRYWELL COOLERS
76 1 REACTOR WATER-CLEANUP SYSTEM ( RWCU ) ON
76 0 REACTOR WATER CLEANUP SYSTEM ( RWCU ) OFF,

77 1~ INITIATION SIGNAL RECEIVED FOR RWCU
77 0 INITIATION SIGNAL LOST FOR RWCU
78 l' TRIGGER SIGNAL RECEIVED FOR HPCI
78 0 TRIGGER SIGNAL LOST FOR HPCI
79 T SGTS FILTER AEROSOL LOADING EXCEEDED
79 F SGTS FILTER AEROSOL LOADING NOT EXCEEDED
80 1 TRIGGER SIGNAL RECEIVED FOR HPCS-

'80 0 TRIGGER SIGNAL LOST FOR HPCS
81 1 TRIGGER SIGNAL' RECEIVED FOR RCIC
81 0 TRIGGER SIGNAL LOST FOR RCIC
82 1 .HIGH LEVEL TRIP FOR FEED WATER
82 0 RESET HIGH LEVEL TRIP FOR FEED WATER
'83 1 LPCI #1 TO RAD WASTE - OPEN
83 0 LPCI #1 TO RAD WASTE - CLOSE
84 1 LPCI #2 TO RAD WASTE - OPEN
84. O LPCI #2 TO RAD WASTE - CLOSE
85 1 HIGH WATER LEVEL RESET SIGNAL RECEIVED FOR HPCI

~ 85 0 HIGH WATER LEVEL RESET SIGNAL NOT RECEIVED FOR HPCI
36 1 HIGH WATER LEVEL RESET SIGNAL. RECEIVED FOR RCIC
36 0 HIGH WATER LEVEL RESET SIGNAL'NOT RECEIVED FOR RCIC
37 1 HIGH WATER LEVEL RESET SIGNAL RECEIVED FOR HPCS
37 0 HIGH' WATER LEVEL RESET SIGNAL NOT RECEIVED FOR HPCS

4 38 1 DRYWELL COOLERS ON
38 0 DRYWELL COOLERS OFF

'

30 T. CONT FAILED IN WW DUE TO STRAIN
'31 T CONT FAILED IN WW DUE TO OVERPRESSURE
32' T CONT FAILED IN CA DUE TO STRAIN
93''T CONT FAILED IN CA DUE TO OVERPRESSURE ;

14 T CONT FAILED IN CB DUE TO STRAIN |

35 T. CONT FAILED IN CB DUE TO OVERPRESSURE
16 T SHUTDOWN COOLING ON
36 F SHUTDOWN COOLIN3 OFF
4999REV 7,' ADD MISSING EVENT MESSAGE #197 ,

'

t NOTE EVENT CODE'197 IS SET ONLY FOR ONE TIMESTEP IN WHICH'

* EITHER THE REACTOR VESSEL OR CONTAINMENT FAILED.
17 T EITHER REACTOR VESSEL OR CONTAINMENT JUST FAILED

L '999REV 7, ADD NEW EVENT CODE-MESSAGE #198
*'NEW EVENT CODE FOR AUTODT PLOT SCALING'

18 T AUTOMATIC PLOT SCALING IS ON
-)8 F EQUALLY SPACED pit)T SCALING IS ON
19 T CONTAINMENT FAILURE
30 T HPCI MAN ON
30 F- HPCI NOT MAN ON
31 T' ~HPCI LOCKED OFF

-)1 F HPCI NOT IDCKED OFF-

-

I
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12':T LPCIi!40PL1' MAN CN
$121 [F? LLPCI IDOP 1- NOT MAN ON

.g

PO3'iT, :LPCI IDOP -l'I4CKED ~OFF
'

i,

: 13 . F. . LPCI .IDOP11 NOT 'IDCKED OFF 4'

7;14' T.p: NPCS MAN ONi41fFi'NPCS NOT MAN ON
'

' 95., T1 : NPCSiIDCKED OFF
.

@5 ' , F HPCS ' WOT 'IDCKED OFF
.

cD6 T.;LPCCLMAN-ON
' v6. F.:LPCS NOT MAN'ON ~

J7, :T ' LPCS.'IDCKED OFF
h7'LF iLPCS NOT< LOCKED OFF , . ,

I M8: LT. FEEDWATER MAN ON
s

38; F FEEDWATERLNOT MAN ON ,

-192 T. FEEDWATER MAN OFF '

69 . F. FEEDWATER NOT' LOCKED OFF
jc. 0 : T 'RCIC MAN ON' ,

.0. F RCIC NOT MAN ON

.11 T RCIC LOCKED OFF .
4

' .1' i F : RCIC NOT LOCKED OFF >

.2 T ' TURBINE STOP VALVE CLOSED
'2c /F | TURBINE STOP VALVE OPEN.

. 1. 3 'T TURBINE BYPASS CI4 SED1

L3: ?F TURBINE-BYPASS OPEN
L4 Ti MSIVS MAN OPEN ,,

L4 ~F 'MSIVS NOT. MAN OPEN
15' T' MSIVS LOCKED CLOSED , .i

e L5 ;F MSIVS NOT IhCKED CLOSED '

L6 T PEDESTAL DOWNCOMER FAILED
,16 F' PEDESTAL DOWNCOMER NOT' FAILED j,

L7' T .SRV #1 MAN OPEN
'

6L7 'F: SRV #1 NOT MAN OPEN
7.8 ,T SRV #1~I4CKED CLOSED ,'

.

;
,

r; .8 ' ' F ' -SRV f1 NOT LOCKED CLOSED '
.9- T : SRV ' # 2 -; MAN . OPEN

''

i '

39; ' F :SRV f2 NOT. MAN OPEN
'

, s
,

M O ~:. . T ' SRV #2 LOCKED CLOSED '

.? ?!0' : F) iSRV. #2 'NOT IACKED CLOSED '

~.
'

!!1 T SRV,f3 MAN OPEN-
-

z!1E F: SRVi#3,NOT:MANLOPEN
12 .T,'SRV'f3 IDCKED CLOSED >

,

i!2 : F : , SRV; #3 J NOT 'IDCKED CLOSED
d3'~,T 'SRV f4J-MAN'OPEN-
:3 F ' SRV! #4 NOT LMAN OPEN

.

'4 T .SRV.f4 LOCKED CLOSED , ,

, !4 J - F. 3 SRV #4 NOT cIOCKED CIDSED
g!5: LT- ADScMAN OPEN' ;

i

s15; 4 ADS!NOT' MAN OPEN- '

'h 6L 'T ADS LOCKED CLOSED s

<1
16 ' Fj : ADS' HOT I4CKED CICSED'

.y7 T' RHR HTX.fl1 MAN'ON
1 L;;7 .F -RHR'HTX.#1'NOT MAN ON
R.i@ ' T . ~ RHR . HTX f1 IACKED OFF

;8 - | F . RHR~HTXJ#1 NOT IDCKED OFF'

[ d 9 :. ' T .RHR HT mX f2: MAN-ON
f".9 :F'':RHR'HTX f2";NOT'MANJON ,

'

10 : T. RNR ' HTX f 2 LIACKED OFFa

u jo. : F' ;RHR HTXt i2 NOT: IDCKED OFF
-

'
. ''

htl' T . LPCI '.AOP 2 MAN ON .. q;.-
..

A 41; ? F , : LPCI"IDOP 2 | NOT. MAN ON
y y

' yi l_f~ ; , u
- i.. . _ . . .
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*m32 Ti LPCI IDOP 2 -' IDCKED , OFF
[R32?MLPCI IDOP. 21 NOT' LOCKED OFF
K33"?T .LPCI'LOOPx1 To DRYWELL SPRAYS-MAN ON
# $ 33f Ff !LPCI IDOP 1 TO DRYWELL SPRAYS-NOT MAN ON
f 34L JT' ; LPCI IDOPc1 TO DRYWELL SPRAYS-LOCKED OFF
g 34. 'F: .LPCI IDOP 1 TO DRYWELL ' SPRAYS-NOT LOCKED :OFF
R35 LT' LPCI.LOOPc2'TO DRYWELL SPRAYS-MAN ON
T35' c FE LPCI 'IDOP '2' TO. DRYWELL SPRAYS-NOT MAN ON
i36- T LPCI LOOP 2~TO DRYWELL SPRAYS-LOCKED OFF
;36 sF: LPCI I40P 2 TO DRYWELL SPRAYS-NOT LOCKED OFF
n 3 7. ' T LPCI LOOP 1.TO WETWELL-SPRAYS-MAN ON
#37JLF LPCI LOOP 1 TO.WETWELL SPRAYS-NOT MAN ON
- 138 : T' LPCI IDOP .1 TO WETWELL SPRAYS-IDCKED OFF

-38 F LPCI . IDOP 1-- TO WETWELL SPRAYS-NOT LOCKED OFF
r 3 9. ' I' LPCI LOOP 2 TO WETWELL SPRAYS-MAN'ON
!39 . F LPCI IDOP 2 TO WETWELL SPRAYS-NOT MAN ON
'40: T LPCI LOOP 2 TO WETWELL. SPRAYS-LOCKED OFF
. 4 01 - F LPCI .IDOP 2 TO WETWELL SPRAYS-NOT LOCKED OFF
E4999REV.7, EVENT MESSAGEJ#241" CLARIFIED '

41 T LPCI.~ I40P 1~ ALIGNED TO VESSEL
J41' F.LPCI LOOP 1 NOT ALIGNED TO VESSEL
42' ' T - LPCI IDOP 1 TO VESSEL-IDCKED OFF

14 2 F~ LPCI LOOP 1.TO VESSEL-NOT LOCKED OFF
>

'*999REV 7, EVENT MESSAGE #243 CLARIFIED
-J43: T LPCI IDOP 2 ALIGNED 'TO VESSEL

f43- F. LPCI IDOP 2 NOT ALIGNED TO VESSEL
'E44 ' T LPCI LOOP 2 TO VESSEL-IDCKED OFF

44 47 LPCI IDOP 2 TO VESSEL-NOT LOCKED OFF
4 51 'P LPCI IDOP 1 TO SUPPRESSION POOL-MAN ON

'[45: F' LPCI LOOP 1 TO SUPPRESSION POOL-NOT MAN ON
!43 '' T' LPC1L LOOP 1 TO SUPPRESSION POOL-IDCKED OFF

9'.44 .F LPCI LOOP 1 TO SUPPRESSION POOL-NOT IDCKED OFF

$:47f ,Tf .LPC1 Ih0P- 2 TO SUPPRESSION POOL-MAN ONM17 ,F ;LPCI LOOP 2 TO SUPPRESSION POOL-NOT MAN ON,

L 48|.y;T 'LPCI LOOP 1 TO. SUPPRESSION POOL-LOCKED OFF
A i;T1 (LPCI'IDOP. 2 TO SUPPRESSION POOL-NOT LOCKED OFF
* W 2TstSUCTION.FOR HP INJ MAN LINED UP TO SUPP POOL
J9L F ' SUCTION FOR HP INJ NOT. MAN LINED'TO'SUPP' POOL'

'l50 'T'^ LOSS OF.AC' POWER
|MO |F- AC POWER RESTORED
N/31fvT, LOSSLOF DIESEL POWER
.i51: 1T . DIESEL POWER RESTORED 4

. 53 h T : NO - H2 ' OR' CO. BURNING ALIDWED
F,.J 53 : :F- H2 AND CO BORNING ALIDWED '
id4 Tc. SUCTION FOR RCIC MAN LINED UP TO SUPP POOL
' ? 541 F. SUCTION FOR RCIC NOT MAN LINED TO SUPP POOL

,55JzTc ' REACTOR MAN SCRAMMED
156 . T BREAK IN PRIMARY SYSTEM :(ICCA)
L36 ;F NO' BREAK IN PRIMARY SYSTEM-

< (17.: T' ATWS~RUN
/18'.T; SLC INJECTION: BEGUN-

19 T ' LPCI IDOP 3 MAN ' ON-t

h :19 F L LPCI Ih0P '3 NOT MAN ON
10' Tf ' LPCI 'IDOP 3. IOCKED OFF ;

10' F LPCI LOOP 3 NOT. LOCKED OFF
fil 'T' SRV #5 MAN OPEN'

'il 1F. SRV #5 NOT MAN OPEN
' 52 T |SRV #5 ' I4CKED CLOSED-

/12 :F: SRV L #5 NOT IACKED OFF
13: :T VACUUM PREAKERS-MAN OPEN

''
8 ,

4 w e ,- ,, _ - -, .- - - - n,a ,. , -,a---,- w w
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i31 F3 VACUUM BREAKERS-NOTcMAN OPEN
@D64 i ; T $ VACUUM . BREAKERS-14CKED i CIASED
$$4?FkVACUUMtBREAKERS-NOTLOCKEDCI4SE
.O[;i5 S T.? ! DRYWELL . PURGEi MAN: ON iC i.)/FJ'DRYWELL1 PURGE |NOT MAN-ON'5
. 0 62 : T ' DRYWELL . PURCE: I4CKED OFF '

" "16 ;Fj! DRYWELL' PURGE;NOT IACKED OFF
-~ <

- /17e ! T3 . UPPER 1 POOI/ OiTMP . MAN OPEN.-
17 LFL UPPER POOT, 'uUMP: NOT MAN OPEN .

,

d18. T: UPPER POW DUMP { IACKED CI4 SED
,

458;| LFL BUPPER FM DUMP | NOT IACKED. CIDSED '
dJ $9 ? T : CONTAIsMENT PURGE MAN OPEN
%191 F :CONTF1NMENT < WRGE: NOT MAN OPEN
P to - T . CONTAINMENT'Pt/RGE LOCKED CLOSED

WO' ! Fz c CGdTAINMENT PUBGE NOT IDCKED CLOSED

O[911 'F:IDEFAULT LPCS PUMPS ON
Irlj T1 '0 : LPCS PUMPS ON

'

4!72? T 2iLPCS PUMPS ON-
02'::Fg'. DEFAULT LPCS PUMPS ON-
13 2 ' T ' : 4 : LPCS PUMPS ' ON -

173 ' ' F. . DEFAULT LPCS PUMPS ON'

| L74 ; T ! : HPSW INJECTION -MAN ON y
|1741.F HPSW INJECTION-NOT MAN ON- g

775-;T! . HPSW INJECTION IDCKED OFF
~

''

,'75f . F . i HPSW INJECTION NOT 'IDCKED OFF
,

c77.?Ti'CRDiPUMP MAN'.ON
E77 L ' F. CRD PUMP NOT' MAN ON-

U L78 :T CRD-PUMP' LOCKED OFF
,

-

;78L'FJ: CRD PUMP. NOT: IACKED OFF
M 9 'T .OPEN DRYWELL VENT

,

~0- T. CID.iE DRYWELL VENT .I3

' J 311 T " STEAM BREAK.OUT OF CONTAINMENT - OPEN d
31 F|. STEAM BREAK OUT:OF CONTAINMENT - CICSED . ,i

- g 32' T ;OPEN-WETWELL VENT
:

6 133 MT' CIASE.WETWELL' VENT
' ,;,;<34E Ti;DRYWELL COOLERS:.ON ,

'34- F DRYWELL COOLERS OFF 4
'35; LT ; AUX CONDENSER MAN.ON

' i35: -F:: AUX' CONDENSER.NOT~ MAN ON
j

36 iT;: AUX CONDENSER MAN OFF-
%.;36z?F " AUX:. CONDENSER 1NOT MAN OFF

.

' '''

W 381LT iSHUTDOWN. COOLING MAN ON
' T381(F ' SHUTDOWN COOLING NOT.. MAN ON 1
' 39 Ti ' SHUTDOWN | COOLING ' MAN OFF

L39' F3 SHUTDOWN COOLING NOT' MAN'OFF |

.
'

*i36 T| BAR GRAPH DISPLAYS.ON
is(36::;FJ|BAR1 GRAPH ~DISPLkYS OF10 .A1

:m)7 L !T.1iHEAT-UP: DISPLAY STATUS ON 'l

M37i F iHEAT-UP DISPLAY' STATUS OFF 3ds i38 LT; VESSEL. DISPLAY STATUS ON-
'

1

/ :i 3 8 '. F .: VESSEL 1DISPLAYzSTATUS OFF- |; 391 .T ' CONTAINMENT DISPLAY, STATUS: ON -
1n

O L)91 F: ' CONTAINMENT DISPLAY' STATUS ~OFF
!)0'1T . RESET CUMULATIVE FIGURE OF MERITS
3000REV17,JADD NEW EVENT CODE MESSAGES.f301 THRU 311
?]1':1L LPCI LOOP 1'TO RAD. WASTE -: MAN ON >

' h1 0- LPCI IAOP 1' TO' RAD WASTE - NOT MAN ON !

'f ; '32| E 1 LPCI IAOP 1. TO . RAD WASTE - LOCKED OFF
.

132 0 LPCI . IAOP l' TO RAD: WASTE - NOT LOCKED OFF
. 03'E1M LPCILIAOP)2 TO RAD WASTE - MAN ON-

_

- , '

. - -- u
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')3; 0. LPCI LOOP 2 TO RAD WASTE - NOT MAN ON
14 ~ 1 LPCI :IDOP 2 TO RAD WASTE - LOCKED OFF
14- 0- LPCI IDOP 2 TO RAD WASTE - NOT LOCKED OFF

, > 5 - l' ISOLATION CONDENSER TUBE RUPTURED
.' ' 35 - 0' ISOLATION CONDENSER TUBE NOT RUPTURED

19 - 1 DRYWELL' PURGE CLOSES UPON CONT. ISOLATION
i9 . 0 .DRYWELL PURGE DOES NOT CIDSE UPON CONT. ISOLAION
.0 1 SECOND DRYWELL PURGE LINE AVAIIABLE
.0 0 SECOND DRYWELL PURGE LINE NOT AVAILABLE
.1 1 HEAT Cf.DACITY TEMPERATURE LIMIT ( HCTL ) - ON
.1 0 HEAT CAPACITY TEMPERATURE LIMIT ( HCTL ) - OFF
'ID '
f

,ccoo******************************************************************

'?IMING DATAecoco******************************************************************
-20.DO TDMAX MAXIMUM ALIDWED TIME STEP

! 1.D-3 TDMIN MINIMUM ALLOWED TIME STEP
; 4.D-2 FMCHMX MAXIMUM MASS CHANGE' FRACTION FOR INTEGRATION

S.D-2 FUCHMX MAXIMUM ENERGY CHANGE FRACTION FOR INTEGRATION,

i. 1.D-1 MDFPMN MIN FISSION PROD MASS ALLOWED TO CONTROL TIME STEP
ecoco******************************************************************
f

:NTEGRATION
t CATEGORY 1 -- GAS MASSES & TEMPERATURES

R MGPS FMGPS 0.04 1.El 1.E10
R 'TGPS FTGPS 0.05 1.E2 1.E4
R MGPD FMGPD 0.04 1.El 1.E10
R TGPD FTGPD 0.05 1.E2 1.E4 , ,

R MGDW FMGDW 0.04 1.El 1.E10
R TGDW FTGDW 0.05 1.E2 1.E4
R MGWW FMGWW 0.04 1.El 1.E10
R TGWW FTGWW 0.05 1.E2 1.E4
R MGCA FMGCA 0.04 1.El 1.E10

) R TGCA FTGCA 0.05 1.E2 1.E4
R MGCB FMGCB 0.04 1.El 1.E10

.

! R TGCB FTGCB 0.05 1.E2 1.E4
,

CATEGORY 2 -- WATER MASSES, ETC.'

R EWPD FMWPD 0.04 1.E4 1.E10*

R MWDW FMWDW 0.04 1.E4 1.E10
,

415 MSPDW = mass of water in watwell downcomers (not'used)
i- R MSPWW FMSPWW 0.04 1.E2 1.E10'

R MWCOR FMWCOR 0.04 1.E3 1.E10 FALSE 8*

R MWOSH FMWOSH 0.04 1.E3 1.E10.

i. R MWJET FMWJET 0.04 1.E2 1.E10
i R XROF FXROF 0.04 1.E-3 1.E3

,

. R -- MWAC FMWAC 0.04 1.E10 1.E15
' ' CATEGORY 3 -- CRUST THICKNESSES

* CATEGORY 4 -- HARDWIRED AS IN ORIGINAL INTGRT
O>.

'oooo***********************************e****************************
'SEREVT

~1 MH2GLO > 1.0
1 TRUE' 'MORE THAN 1 KG H2 GENERATED

.

2 T110P >= 1173.0
'2 TRUE CLAD FAILURE'

3 'T110P >= 2500.0

L
_ _ _ _ _ _ . _ _ . _ _
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-. 03 : .TRUE FUEL MELTING
-- c,

XCNDWP > 0.001:04-' 4

34. TRUE CONCRETE ATTACK IN DRYWELL'

' .o.
3? XCNPDP ' > 0.001
35 .TRUE- CONCRETE ATTACK IN PEDESTAL
*

v 36 PDW > 9.08E5
06 TRUE DRYWELL PRESSURE > 9.08E5 PA
a < t

07 TGDW > 922.0
07 TRUE DRYWELL TEMP > 922.0 K (1200 F)
c

21- MBLAD(1,1) > 230.3

21 TRUE BLADES RELOCATE TO NODE (1,1) .

22 MBLAD(2,1) > 230.3

22 TRUE BLADES RELOCATE TO NODE (2,1)
.c

+

23 MBLAD (3,1) > 230.3
23 TRUE BLADES RELOCATE TO NODE (3,1)
*

; 24 MBLAD(4,1) > 230.3.

L 24 TRUE BLADES RELOCATE TO NODE (4,1)
o
25 MBLAD(5,1) > 230.3

.25. TRUE BLADES RELOCATE TO NODE (5,1) ,

o.
31 MU2N (1,1) > 3371.0

.31 TRUE FUEL REI4CATE TO NODE (1,1)
.

-.

32 MU2N (2,1) > 3371.0
32 TRUE FUEL RELOCATE TO NODE (2,1)

,

=

33 MU2N (3,1) > 3371.0
33 TRUE FUEL RELOCATE TO NODE (3,1)'

,

. .

34 MU2N (4,1) > 3371.0
34 TRUE FUEL RELOCATE TO NODE (4,1) ,

a

35 MU2N (5,1) > 3371.0
7

-35 TRUE FUEL REI4CATE TO NODE (5,1)
.- ,

il XW(1) < 0.191
11 TRUE BOILED UP WATER LEVEL IN REGION 1 < 0.191 M

i
..

12~ XW(2) < 0.191
12 TRUE BOILED UP WATER LEVEL IN REGION 2 < 0.191 M
v.
13 XW(3) < 0.191'

'L3 TRUE- BOILED UP WATER LEVEL IN REGION 3 < 0.191 M
,

o

$4 XW(4) < 0.191
i4 TRUE BOILED UP WATER LEVEL IN REGION 4 < 0.191 M

{5 XW(5) < 0.191
15 TRUE BOILED UP WATER LEVEL IN REGION 5 < 0.191 M !

T
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12 PDW ' > .112.7 L PSI AND TSIHS2 > 900. F
4t2:TRUE CNTMNT FAILED DUE TO'PDW > 112.7 PSIA, TSIHS2 > 900 F
LL2 ACTION 4

,13 PDW > 89.7 PSI AND TSIHS2 > 1000. F
L3 TRUE CNTMNT FAILED DUE TO PDW > 89 7 PSIA, TSIHS2 > 1000 F
.3 ACTION 4

!4 PDW > 71.7 PSI AND TSIHS2 > 1100. F
L4 TRUE CNTMNT FAILED DUE TO PDW > 71.7 PSIA, TSIHS2 > 1100 F

,

'L4" ACTION 4

L5 TJIHS2 > 1200. F
L5 TRUE CNTMNT FAILED DUE TO TSIHS2 > 1200 F
.5 ACTION 4

ACTION 4
EVENT 279 TRUE

END

eccooc*******************************************************
XI ~ ON ALL
ID

,0,0 / NO MORE ICCAL PARAMETER CHANGE
/ 0= INITIAL MAAP RUN, 1= RESTART MAAP RUN

.0000E+00 / PROBLEM START TIME, SEC
1.400E+04 / PROBLEM END TIME, SEC
.200E+03 / OUTPUT-RESTART FILE PRINT INTERVAL, SEC
36- / BREAX (LOCA) IN PUMP SEAL AND CRD SEAL

,

L5 / MSIV LOCKED CLOSED
/ TRUE

10 / I4SS OF AC POWER
/ TRUE

?

il / LOSS OF DIESEL POWER
/ TRUE
/ NO (MORE) INITIATOR (S), INTERVENTION CONDITION (S) FOLI4W
/ INTERVENE WHEN .THE FOLLOWING EVENT CODE (S) CHANGE

i / CORE UNCOVERED, &
/ NO (MORE) INTERVENTION (S), OPERATOR ACTION (S) FOLLOW
/ NO (MORE) OPERATOR ACTION (S),-. INTERVENTION (S) FOLLOW
/ INTERVENE WHEN THE FOLLOWING EVENT CODE (S) CHANGE
/ VESSEL FAILED ,-

/ NO (MORE) INTERVENTION (S) , OPERATOR ACTION (S) . FOLI4W
/ NO (MORE). OPERATOR ACTION (S), INTERVEHi@N(S) FOLI4W
/ INTERVENE ON DRYWELL TEMPERATURE OF

2.0 / K, (1200 F) &
/ NO (MORE) INTERVENTION (S), OPERATOR ACTION (S) FOLIDW -

.9 / OPEN DRYWELL VENT - (CONTAINMENT ' FAILURE)
/ TRUE E

00 / MAKE LOCAL PARAMETER CHANGE.OF
;

10,9.29E-4 / M2, DRYWELL FAILURE AREA (4.8 INCH DIA)
'O,0 / NO MORE IDCAL PARAMETER CHANGE

/ NO (MORE) OPERATOR ACTION (S) , INTERVENTION (S) FOLI4W
/ INTERVENE ON ELAPSED TIME

6000E+04 / SEC (10 HRS), &
/ NO (MORE) INTERVENTION (S)< MAAP EXECUTION ENDS

744D41mDDDom
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/ 0= INTERACTIVE, 1= BATCH, 2= BATCH WITH SENSITIVITY OPTION'

\AP-MELCOR: BWR SBO (03/10/91)
/ 0=USE PARAMETER DEFAULTS, 1=USE SUPPLIED PARAMETER FILE

5 / PARAMETER FILE I/O NUMBER
/ 0=NO PARAMETER FILE LISTING, 1= LIST PARAMETER FILE
/ 0=NO ICCAL PARAMETER CHANGE, 1=14 CAL PARAMETER CHANGE (S)

,224,O.0 / NO BATTERY AVAILABLE
3,327,1 / INTEGRATOR ITERATION
3,328,0 / HARD-WIRED TIMESTEP CONTROL VARIABLES
5,58,O. / NO BLOCKAGE

2HF = 0.1
2DBRK = 0.7

-JMIN = 1.0
AERDC = 3.0
PRAT = -2
PLUG = 0.5E5 ,

.

*noco********************************************************
8

01 ZWSH >.52.028 M
01 TRUE LEAKAGE FROM PUMP SEAL AND CRD SEAL
i ACTION 1 ,

ACTION 1
ALOCA = 6.182D-6 M**2

!ZLOCA = 52.028 M
END

32 ZWSH < 52.0 M
32 TRUE LEAKAGE FROM CRD SEAL ONLY
32 ACTION 2

ACTION 2
ALOCA = 3.399D-6 M**2
ZLOCA = 45.29 M

END

)3 EVENT 8 TRUE ! VESSEL FAILURE
33 TRUE NO BREAK IN PS WHEN VESSEL FAILED

,

23 ACTION 3

ACTION 3
EVENT 256 FALSE

END I

.0 PDW > 159.7 PSI

.0 TRUE CNTMNT FAILED DUE TO PDW > 159.7 PSIA

.0 ACTION 4

.1 PDW > 126.7 PSI AND TSIHS2 > 800. F l'1 TRUE CNTMNT FAILED DUE TO PDW > 126.7 PSIA, TSIHS2 > 800 F

.

.1 ACTION 4
l
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, . . ,

'J13 PDW >' 89.7 PSI AND TSIHS2'> 1000. F2

13 TRUE CNTMNT FAILED DUE TO PDW > 89.7 PSIA, TSIHS2 > 1000 F
13.' ACTION 4

214 ' PDW > 71.7~ PSI AND TSIHS2 > 1100. F
'!.4~TRUE CNTMNT FAILED DUE TO PDW > 71.7 PSIA, TSIHS2 > 1100 F
14 ACTION 4

15 TJIHS2 > 1200. F
15 TRUE CNTMNT FAILED DUE TO TSIHS2 > 1200 F
15 ACTION 4

. ACTION 4
EVENT 279 TRUE '

END

'*ococo*******************************************************
OG ON ALL
ID

.,0,0 / NO MORE LOCAL PARAMETER CHANGE
/ 0= INITIAL MAAP RUN, 1= RESTART MAAP RUN

.0000E+00 / PROBLEM START TIME, SEC
'4.400E+04 / PROBLEM END TIME, SEC
.200E+03 / OUTPUT-RESTART FILE PRINT INTERVAL, SEC
56- / BREAK (LOCA) IN PUMP SEAL AND CRD SEAL

't

>15 / MSIV LOCKED CI4 SED
/ TRUE

,50 / LOSS OF AC POWER .

,

/ TRUE
51 / IDSS OF DIESEL POWER

/ TRUE
/ NO (MORE) INITIATOR (S), INTERVENTION CONDITION (S) FOLLOW

! / INTERVENE WHEN THE FOLLOWING EVENT CODE (S) CHANGE
) / CORE UNCOVERED, &

/ NO (MORE) INTERVENTION (S), OPERATOR ACTION (S) FOLLOW
/ NO (MORE) OPERATOR ACTION (S), INTERVENTION (S) FOLLOW

! / INTERVENE WHEN THE FOLI4 WING EVENT CODE (S) CHANGE
/ VESSEL FAILED
/ NO (MORE) INTERVENTION (S), OPERATOR ACTION (S) FOLLOW

' '

/' No (MORE) OPERATOR ACTION (S) , INTERVENTION (S) FOLIDW
'

/ INTERVENE ON DRYWELL TEMPERATURE OF
22. 0 / K, (1200 F) &

/ NO (MORE) INTERVENTION (S), OPERATOR ACTION (S) FOLLOW
'? / OPEN DRYWELL VENT (CONTAINMENT FAILURE) '

/ TRUE:&
~00 / MAKE LOCAL PARAMETER CHANGE OF)

:10,9. 2 9E-4 / M2, DRYWELL FAILURE AREA (4'.8 INCH DIA)
0,0 / NO'MORE ICCAL PARAMETER CHANGE

/ NO (MORE) OPERATOR ACTION (S), INTERVENTION (S) FOLLOW
/ INTERVENE ON ELAPSED TIME

6000E+04 / SEC (10 HRS), &
/ NO (MORE) INTERVENTION (S), MAAP EXECUTION ENDS

3 .

'1440 41mDDR m-
.mbbpDDDm A: _

'1440./ 41mDDD m
_

.mbb>> Dom A:
144341mDDDOm
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[I. ' 'zwy - Water lievel in RV
;

'11 ,
T OYINNER PD WALL

j,

P- LTS1HS1
*

i JTS1HS2 - T OF INNER 1DW WALL
. 'y ' U1HS3' T OF DRYWELL FLOOR

131HS4 "T OF TORUS ROOM WALL
,

S
'

iTHSIP(1) T OF INNER PD WALL | 3)
L THS2P(1) T OF INNER DW WALL. qe

: THS3P(1) < T OF DRYWELL FLOOR
.

&, TCNPD(1). T OF CONCRETE IN PD +,' '

'

TCNDW(1) T OF CONCRETE IN DW
WATER TEMP IN PS 'TWPS . a,, ,

LTSATPS SAT TEMP IN PS-
P TLCMLP CORIUM TEMP IN LP j4

g T110P MAX CORE NODE TEMP "

UCMLP CORIUM ENEROY IN LP . '

TWDW WATER TEMP IN DW
MWDW WATER MASS IN DW

,

MCMTDW CORIUM MASS IN DW JJ

MCMDW(1) U OF MASS OF CORIUM IN DW j"

L MCMDW(2) UO2' MASS OF CORIUM IN DW "

"MCMDW(3) C MASS OF CORIUM IN DW
' MCMDW(4) ZR MASS OF CORIUM IN DW

. .

' '

. MCMDW(5) ZRO2 MASS OF CORIUM IN DW
~

'

MCMDW(6) CR MASS OF CORIUM.IN DW .
,

, ,""

MCMDW(7) CR203 MASS OF CORIUM IN DW
MCMDW(8) FE MASS OF CORIUM IN DW

-

j,

.. NF02DW - MOLE FRAC 02 IN DW i
NFSTDW MOLE FRAC STEAM IN DW

P . NFN2DW- MOLE FRAC N2 IN DW y"
<

^ TWPD WATER TEMP IN PD
,

r
D MWPD WATER MASS IN PD

- o
'

9-

n XWPD: WATER'HEIOHT IN PD. j
h* ' , MCMTPD'

MOLE FRAC 02 IN PD I |

CORIUM MASS IN PD ~ '

NF02PD '

. NFC2PD MOLE FRAC CO2 IN PD- -

JNFSTPD . MOLE FRAC STEAM IN PD . ~

L
'

* - NFCOPD MOLE FRAC CO IN PD '#'

NFN2PD . ; MOLE FRAC N2 IN PD, _ . . . ~;
* ~

# .
M. MPD(1) U MASS OF CORIUM IN PD;C~^ '

MCMPD(2) UO2' MASS OF CORIUM IN PD S
-

'

-

le :MCMPD(3) C MASS OF CORIUM IN PD'

11

MCMPD(4) : ' ZR MASS OF CORTUM IN PD - z

4 :MCMPD(5) ZR02 MASS OF CORIUM IN PD d
7

MCMPD(6) CR MASS OF CORIUM IN PD ,

MCMPD(7) CR203 MASS OF CORIUM IN PD
y

'i,,

'
, i '. : .9-

;, r

i
,

^

.. y ,
' '

ii - , , _ , . . .
'.

D e ., , .rg- y + a
, -|

*M



MCMPD(8) FE MASS OF CORIUM IN PD
MCMTWW CORIUM MASS IN WW
NFN2WW MOLE FRAC N2 IN WW
MCMWW(1) U MASS OF CORIUM IN WW
MCMWW(2) UO2 MASS OF CORIUM IN WW
MCMWW(3) C MASS OF CORIUM IN WW
MCMWW(4) ZR MASS OF CORIUM IN WW
MCMWW(5) ZRO2 MASS OF CORIUM IN WW
MCMWW(6) CR MASS OF CORIUM IN WW
MCMWW(7) CR203 MASS OF CORIUM IN WW
MCMWW(8) FE MASS OF CORIUM IN WW
MFPREX(1) MASS NOBLES EX-VSL

MFPREX(2) MASS CSI/RBI EX-VSL

MFPREX(3) MASS TEO2 EX-VSL
MFPREX(4) MASS SRO EX-VSL
MFPREX(5) MASS MOO 2 EX-VSL

MFPREX(6) MASS CSOH EX-VSL
MFPREX(7) MASS BAO EX-VSL
MFPREX(8) MASS LANTHANDS EX-VSL
MFPREX(9) MASS CEO2 EX-VSL
MFPREX(10) MASS SB EX-VSL
MFPREX(11) MASS TE2 EX-VSL
MFPREX(12) MASS UO2+ EX-VSL
MFPRIN(1) MASS NOBLES IN-VSL
MFPRIN(2) MASS CSI/RBI IN-VSL
MFPRIN(3) MASS TE02 IN-VSL
MFPRIN(4) MASS SRO IN-VSL
MFPRIN(5) MASS M002 IN-VSL
MFPRIN(6) MASS CSOH IN-VSL
MFPRIN(7) MASS BAO IN-VSL
MFPRIN(8) MASS LANTHANDS IN-VSL
MFPRIN(9) MASS CEO2 IN-VSL

MFPRIN(10) MASS SB IN-VSL
WWDCCR WATER FLOW RATE FROM DC TO CORE
WSTCR STEAM FLOW RATE FROM CORE
XWB WATER HEIGHT IN B COMPT.

.
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. 4-5 BATCH OUTPUT AND~ FILE'INDEX''
.

_

,

\
'

.s.

' "y

Table 4 3

s '

DESCRIPTION OF BWR PLOT TILES
s

i t

. First Flot File - Pri=mn Svstam (Default File #41)
.

\

TIME Time since accident initiation.
. ,

PPS Pressure in the primary system. ,

QCORE Total core power. q

TGPS Average temperature of gas in the primary system. -

TWLP Temperature of water in the lower plenum.- j'
TWSH Temperature of water in the shroud.

'

WCORI Core inlet flow rate.
WSTBRX Steam flow rate through the break (lower plenum).

- '

WFLSH Flashing rate in the shroud. ,

WFLLP Flashing rate in the lower plenum. ,

WFLPS Flashing rate in the core.
4

MCI 4BE Global mass balance on water.
W14CA Water flow rate . through 14CA.

'MWSH Mass of water in the shroud.
WJETO Total flow rate from.downconer to lower plenum. ,

MWLPP Mass of water in the lower plenum.

MVPSP Mass of water in the core.-
'

MSTPS Mass of steam in the primary' system. |

MU2CT Mass of UOg in the core. . |

MLCKLP Mass of molten corium in the lower plenum. !

XHCKLP Height of corium in theilover plenum..
a

|MCRUST Mass of corium'in frozen crust' (lower plenum).. .

" ?!
H XVJET Height .of water in the jet pumps (ref, to botton ,of vessel). :

9'XWCOR- Height of water in the_ core (ref.'to bottom of. vessel).-
~

f.'

g, ,(o
XWSH- Height of water in the shroud .(ref, to bottom of vessel).

. -j

TIMRAT Ratio of accident time to CPU time ~. a,

QDECAY Decay power. 3

WWBRX Tiowrate of water through the lower head failure.
:

.

,

;

O

DATE: 03/16/90 |,

a' ,.
.

'
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4-7 BATCH OUTPUT AND FILE INDEX

Table 4-3 (Continued)

DESCRIPTION OF BWR PIDT FILES

Second Plot File - Heatun (Default File #42)
f..

TIME Time since accident initiation.
USCOR Steam flow rate out of the core.
WH2COR Hydrogen flow rate out of the core.
MWBYP Hass of water in the core bypass region.
TCORO Temperature of core outlet gases.
XW(1) Boiled up water level in radial region 1 (ref, co bottom of

core).
XW(2) Boiled up water level in radial region 2 (ref to bottom of

core).
XW(3) Boiled up water level in radial region 3 (ref. to bottom of

core).
XW(4) Boiled up water level in radial region 4 (ref. to bottom of

core).
XW(5) Boiled up water level in radial region 5 (ref. to bottom of.

core).
T110P Haximum temperature in core.

T15P Average core temperature.

WECCSS Core spray flow rate.
WECCSI ECCS injection flow rate.
USTRV Flow rate of steam through. the relief valves.
XHLPCI Net positive suction head at LPCI pump.
XHLPCS Net positive suction head at IJCS p' ump.
XHHPCS , Net positive suction head at HPCS pump.
JOIRCIC Not positive suction head at RCIC pump.
3001PCI Net positive suction head at HPCI pump.
PDWWW Pressure difference between drywell and wetwell.

VLCSTP Volume of water in the condensate storage tank.

;

,1

s.og, n%18CJOn
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49 BATCH CUTPUT AND FILE INDEX |
r

Table 4 3 (Continued)

DESCRIPTION OF BWF PLOT FILES

! Fourth Plot File - Pedestal and Vetwil (Default Tile #44)

TIME Time since accident initiation.
NFH2WW Mole fraction of H in the wetwell.
PVW Pressure in the wetwell.
TFLW Flame temperature in the wetwe1~..

TGWW Temperature of gas in the watwell.
TCMWW Temperature of corium in the wetwell.
NF02WW Mole fraction of Os in the wetvell.
NFC2WW Mole fraction of CO in the wetwell.
NFSTWW Mole fraction of steam in the vetwell.
NFCOWW Mole fraction of CO in the vetwell.
MU2WVP Mass of UO in the wetwell.
PPD Pressure in the pedestal.
TCMPD Temperature of corium in the pedestal.
TCPD Temperature of gas in the pedestal.
MU2PDP Mass of UO in the pedestal.

'

NFH2PD Mole fraction of H in the pedestal.

XCNPDP Concrets ablation thickness in the pedestal.

MVPDPP Mass of water in the pedestal.

MVSP Mass of water in the suppression pool.
TESP Temperature of water in the suppression pool.

'

ISPWW 14 vel of water on the wetwell side of the suppression' pool.

XSPDW Lavel of water on the drywell si,de of the suppression pool
(downcomer).

TETSP Temperature of torus shall (Mark I).
THS2P(1) Temperature of gas in torus room _(Mark I).

L THS2(1) Temperature of heat sink #2-(node 1).

<

1

DATE: 03/16/90i

a
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.4-11 BATCH otTTPUT AND' FILE INDEX

Table 4-3 (Continued)

DESCRIPTION OF BWR PIAT FILES

Fifth Plot File (Continued)

FMCSID Fraction of Cs1 in the drywell and pedestal.
FMCSIV Fraction of CsI in the watwell. 4

FMCSIR Fraction of CsI released from containment.
MFPREX(3) Mass of Group 3 fission products released ex vessel.
NETREX(4) Mass of Group 4 fission products released ex vessel.
MFPREX(5) Mass of Group 5 fission products released ex vessel.

MFPREX(6) Mass of Croup 6 fission products released ex vassel.
MFPREX(7) Mass of Group 7 fission products released ex vessel.
MFPREX(8) Mass of Group 8 fission products released ex-vessel.
MFPREX(9) Mass of. Croup 9 fission products released ex vessel.
MFPREX(10) Mass of Group 10 fissien products released ex vessel.
MFPREX(11) Hass of Group 11 fission products released ex-vessel.
MFPREX(12) Mass of Group 12 fission products released ex-vessel.

. .

DATE: 03/16/90
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4 13 BATCH OUTPUT AND FILE INDEX
,,

c

.

!

Table 4-3 (Continued)

DESCRIPTION OF BVR PU)T FILES

Seventh Plot File - Mark III Oniv (Default File #47)

TIME Time since accident initiation.
NFH2CA Hole fraction of He in compartment A.
PCA Pressure in compartment-A.

TFLCA Flame temperature in compartment A.

TCCA Temperature of gas in compartment A.

NF02CA Hole fraction of Os in compartment A.
NFC2CA Hole fraction of CO in compartment A.

NFSTCA Hole fraction of steam in compartment A.

HFCOCA Hole fraction of C0 in compartment A.

NFH2CB Mole fraction of H in compartment B.

PCB Pressure in compartment B.

TTLCB Flame temperature in compartment B.

TCCB Temperature of gas in compartment B.

NF02CB Mole fraction of 0, in compartment B.
NHC2CB Mole fraction of CO in compartment B.

.

NFSTCB Mole fraction of steam in compartment B.

NFCOCB Mole fraction of C0 in compartment B.

MVCBP. Mass of water in compartment B.
.

O

O

t

DATE: 03/16/90
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4-15 BATCH OUTPUT AND FILE INDEX

,

Table 4-3 (Continued)

DESCRIPTION OF BWR P14T FILES

Auxiliary Buildine Outvut File (Continued)

WRB9 Same from node 9 to 10.
WRB10 Same from node 10.

FMTOTP1 Fraction of the fission product group 1 released from the

primary containment.
MTOTP2 Same for group 2.
FMTOTP3 Same for group 3.

*

FMTOTP4 Same for group 4.
FMTOTPS Same for group 5.
MTOTP6 Same for group 6.
ntSGTP1 Fraction of fission product group 1 drawn into the SGTS.
ESCTP2 Fraction of fission product group 2 drawn into.the SGTS.
MSGTP3 Fraction of fission product group 3 drawn in.o the SGTS.c

FMSGTP4 Fraction of fission product group a drawn into the SCTS.
MSGTPS Fraction of fission product group 5 drawn into the SCTS.
FMSGTP6 Fraction of fission produce group 6 drawn into the SCTS.
MENVP1 Fraction of fission produce group 1 released to the- environ-

ment (not through SGTS*).

FMENVP2 Fraction of fission product group 2 released to the environ-
ment (not through SGTS*). .

FMENVP3 Fraction of fission produce group 3 released to the environ-
ment (not through SGTS*).

FMENVP4 Fraction of fission product group 4 released to the environ-
ment (not through SGTS*).

* Note that the fractional releases from the SGTS system to the environment
are obtained by multiplying the fraction of each group drawn into the SGTS
system by the assumed filter efficiency.

,

DATE: 03/16/90
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MELCOR: High Pressure SB0 (LN,04/17/91)
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'l Introduction

his appendix summarizes an assessment of MAAP/PWR modeling and input parameters. The work was -

performed under Task 6 of the MAAP Code Evaluation Program, which requires Brookhaven National Laboratory

to perform a comprehensive review of those key input parameters and model assumptions which influence

MAAP's calculations. In accordance with the NRC IPE guidance documents (NUREG 1335 [1] and Generic

Letter No. 88-20 [2]) and discussions at the MAAP review meetings, this assessment focuses on those parameters

which have significant effects on the mechanisms of containment failure and its timing. These parameters are

important for assessing potential strategies for accident management and improvements in containment

performance. The parameters reviewed in this appendix are grouped according to the following phenomenological

issues: containment failure mode, in-vessel hydrogen generation and core-melt progression, primary system natural ~

circulation, debris dispersal and distribution in the containment, coolability of debris in the containment, and

hydrogen / carbon monoxide combustion.

De review of the parameters is based on the MAAP 3.0B PWR sensitivity study [3] and the IPE guidance

document [4). The results of recent MAAP analyses for a small break LOCA sequence also are discussed.

2 Containment Failure Mode

Postulated containment failure modes can be grouped into two types: catastrophic failure, or " leak-before-break".

Presently, the majority of risk assessments have assumed the catastrophic-failure mode,in which the containment is

predicted to fail suddenly at a threshold pressure. The MAAP 3.0B code has two methods to predict containment

failure. The first method requires the user to specify the failure pressure (PCF), location, and failure area

(ACFPR). The second method involves a time-dependent strain analysis.

Several sensitivity analyses have been performed assuming a catastrophic failure mode for a station blackout ,

sequence {3]. The failure pressure, which directly affects the timing of containment failure, was varied from 0.3

Mpa to about 1.13 Mpa. The results are given below:

Case Failure Pressure, Mpa Failure Time, Hr.

TMLB-0 (Base) 1.03 36.8

-VF 0.3 4.0

-70LL 0.6 l'.9

-70L 0.93 27.8

-7011 1.13 49.1

E3
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Dese analyses show that the failure time of containment is extremely sensitive to the assumed failure pressure. In

a recent MAAP analysis for a small break LOCA sequence,it was shown that the pressurization rates for -

containment are about 14 Pa/s and 3.8 Pa/s for a flooded and dry cavity, respectively. These pressurization rates

imply that by varying the failure pressure by 0.1 Mpa (i.e.14.5 psi), the failure time could be altered by about

7,100 and 26,300 seconds for the flooded and dry cavity, respectively.

The failure pressure depends on the design of the containment and can be estimated by a plant-specific structural

analysis or by adapting existing analyses from similar plants. In either case, there will be an uncertainty range

associatedwith the predicted threshold pressure. For example,in NUREG 1150 [5], the range of failure pressure

for two plants based on the 5th-95th percentile is:

Zion: 108-180 psig

Surry: 95-150 psig

De extremes of these pressure ranges could cause the predicted time of containment failure to vary by several

hours if the MAAP code is used.

In the NRC Generic Letter No. 80-20 [2], it recommends:

the use of existing structural analyses to determine the ultimate pressure capacity of the containment, and1.

the development of a plant-specific probability distribution function of failure likelihood for the range of2.

failure pressures.

|In response to the NRC's recommendation, the MAAP guidance document [4] states that

1. the best-estimate containment failure pressure should be taken from outside analyses; j
I

2. the determination of the type of sensitivity calculations needed should be based on the results of these
|

analysis, and

3. additional calculations could be performed to estimate the effects of a lower failure pressure.

The recommendations given in MAAP guidance document in general agree with that of NRC. In view of the

sensitivity of failure time to failure pressure as indicated by the MAAP uncertainty analysis [3], it is appropriate to

consider the uncertainty range of failure pressure for IPEs.

De MAAP guidance document [4] also recommends considering the effect of temperature on containment failure.

It states that the effect of temperature". . .can be simulated in MAAP by reducing the containment failure

pressure to a small value when high temperatures are reached." The lower failure pressures included in the

sensitivity study [3] can be considered as a mechanism for simulating the effect of temperature.

E4
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The assumed size of failure would not affect the failure time of the containment, but would affect the source term.

Based on the concept of lenk-before-break,a smaller area of leakage is expected when there are low pressurization

rates in the containment. The leakage area becomes larger when the pressurization rate becomes higher. In the

sensitivity study [3], a variation of the area of the leak between 0.0005 to 0.05 m was considered. (He area for
2

the base case is 0.02 m ). The failure pressure of the containment (the time at which leakage starts) was not2

changed. The results show that the failure dze has a strong effect on the fractions of Sr, La, and Te released from

the containment, and on the decontaintnent fators (DFs) in the auxiliary building. The range of failure size

involved in the sensitivity study covers the range of leakage area estimated by the NRCs Containment

Performance Working Group [6]. Because the failure size depends on the design of the containment (concrete vs.

steel-shell) and penetrations,it is plant-specific. For example, a larger area would be appropriate for a steel-shell

containment, particularly for high pressurization rates.

For PWR dry containments, failure location in the primary containment (i.e., upper or annulus region) will not

play an important role either on the performance of the containment or on the source term. Ilowever, for an ice-

condenser plant, a failure in the lower compartment would cause the fission products to bypass the ice condenser.

(De failure location for the ice-condenser plant is not discussed in the MAAP guidance document (4]). We

suggest that, for the case in which containment fails before the ice is depleted, sensitivity studies involving the

failure of the lower compartment should be performed for the IPEs, based on considerations of the offsite

consequences and the probability of the accident sequence.

In the auxiliary building, the failure area, location, and the general nodalization have a strong effect on the natural
'

circulation pattern predicted by MAAP. The natural circulation would, in turn, affect the retention of the fission

product. Because of the uncertainties involved in using the auxiliary building model, the MAAP guidance

document suggests sensitivity studies [4] for those sequences in which the performance of the auxiliary building is

clearly dominant.

The other containment failure model in the MAAP code is based on a time-dependent strain analysis. The MAAP )

guidance document does not reconunend this failure model because of the NRCs recommendation that outside

analyses of containment failure pressure should be developed. It is interesting that the strain model was included

in the sensitivity study [3]; it showed that the containment had not failed at the end of the calculation (72 hours).
'

(The containment is predicted to fail at 36.8 hours for the base case). Tience, the strain model predicts

unrealisticallylong times to containment failure and, therefore, should not be used for IPEs.

>

I

!
I
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E-5 I
i

)
- .



3 'In-Vessel Hydrogen Generation and Core Melt Progression

. In the MAAP 3.0B/PWR code, hydrogen generation and melt progression are controlled by six model parameters

and one input parameter specified by the user (MCSPO) as shown in Table E.1. The six model parameters are

included in the sensitivity study for the station blackout sequence [3], and MCSPO was included in the recent

MAAP analysis for a small break LOCA sequence [ Appendix C]. The uncertainty analysis recommended for these

parameters are included in Table E.1.

Table E.1 MAAP Input Parameters involved With II: Generation and Core Melt Progression

Sensitivity Study, Ref. [3] Guidance Document, Ref. [4]

Model Parameter
Base Case Variation Best Estimate Uncertainty Analysis

No/Name

5 FAOX 1 2 1 None

12 HTCMCR 1000 W/M'-K 500,5000 1000 None

46 TCLMAX 2100 K 1200 1200 None

47 LHEU 250 Kj/I'g 100,400 250 None

52 TEU 2500 K 2100,2800 2500 None

67 FCRBLK 1 0 0 Note 2

Note 1 NoneMCSPO --

(specified by the user)

Description of Parameter:
FAOX = Cladding oxidation surface multiplier
HTCMCR = Heat-transfer coefficient between molten debris and a frozen crust
TCLMAX = Clad rupture temperature
LHEU = Latent heat assumed for U Zr O eutectic
TEU = Melting temperature assumed for U-Zr O eutectic
FCRELK = 1 for activation of the blockage model; O for no blockage model.
MCSPO = Total steel mass to be consumed by core debris as it flows to the lower plenum

Note 1: Mass oflower core support plate
Note 2: Activation of the blockage model for one station blackout sequence in which it is assumed that seal

LOCAs will be small or non-existent, and that hot leg rupture does not occur. This is based on the
consideration of RPV depressurization and fission product release.

Table E.2 summarizes the effects of the model par meters reported in the sensitivity study, which shows that these

parameters do not have any significant effect on the time of reactor vessel failure. However, the containment
fM'.are time can be delayed or advanced by varying these parameters. The most important parameter which affects

hydrogen generation is the blockage model. In the sensitivity study [3), the activation of the blockage modelis
assumed for the base case (FCRBLK = 1), and the predicted cladding oxidation is 25% When the blockage

model was deactivated (FCRBLK = 0), the cladding oxidation increased to 41% Recent MAAP analysis for the

E-6
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,

1

Zion plant of a small break LOCA sequence yields a 38% cladding oxidation with the blockage model deactivated.

Deactivation gives an estimate of a hydrogen generation similar to the predictions from other computer codes such -
,

- as MELCOR. The MAAP guidance document recommends deactivating the blockage model.

Table E.2 Significant Effects of MAAP Input Parameters Described in Table E.1

Model Parameter Value Used RPV Fallust Containment Failure % Cladding Oxidation

No/Name Time, Hr. Time, Hr. (in vessel)

4.0 36.8 25
(Base Case) -

5 FAOX 2 3.92 45.4 28

12 HTCMCR 5000 3.99 42.0 25

- 47 LHEU 100 4.05 45.5 22

47 LHEU 400 4.11 28.8 38

52 TEU 2100 3.96 39.6 16

52 TEU 2800 4.29 3L9 47'

67 FCRBLK 0 4.19 34.6 41

See Table 1 for descriptions of model parameters.

it is interesting to note, that in Table E.2, the containment failure could occur 5 hours earlier if the high melting -

temperature of the eutectic (2800 K) is used, and 8 hours earlier if the high value of the latent heat of the eutectic
..

(400 KJ/Kg) is used. Ilofmann et. al.,[5] reported that the liquefaction of UO and ZrO by molten Zircaloy could2 2

occur at a temperature between 2033 K to 2273 K. The high value (2800 K) used in the sensitivity study probably.

overestimates the melting temperature of the cutectic, and therefore, the predicted early containment failure may

not be realistic. The latent heat of the eutectic has a large ' uncertainty at present. For the individualconstituents

of the core, UO , Zr, and ZrO , the latent heats are 273, 225, and 707 KJ/Kg, respectively. De best estimate of
2 2

latent heat assumed for the eutectic in the MAAP code is 250 KJ/Kgt the estimated minimum and maximum

values are 100 and 400 KJ/Kg, respectively. Therefore, the best estimate and maximum values are within the range

of the latent heats for individual constituents. He maximum value (400 KJ/Kg) considered in the sensitivity study
I

is reasonable, and within the range of uncertainty.

In MAAP/PWR code, the latent heat affects the melting and freezing of a fuel node and its relocation process.

The MAAP sensitivity analysis [3] reveals that varying this parameter changes the distribution of UO (the largest2

component of core debris)in the reactor vessel, the reactor cavity and the containment lower compartment after .

the reactor vessel breach. De impact of the latent heat on containment failure time could be the result of debris

distribution after the reactor vessel failure.

L
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The MAAP guidance document [4] states that the selection of no blockage as the base case will serve to

demonstrate the impact of uncertaintiesin the core melt progression modeling on the overall plant response. It

does not recornmend to vary any one of these parameterslisted in Table E.1 for IPEs. We recognize that the

sensitivity analyses [3] were obtained from a base case in which the blockage model was activated. The results may .

not be valid when the assumption of no blockage is used in the IPEs. Ilowever,in view of its impact on the
'

containment failure time, we suggest that one additional calculation be performed using the maximum latent heat

value (400 KJ/Kg), so that the potential of an earlier failure of the containment is not over looked.

'

The parameter MCSPO is not a model parameter, but an input variable specified by the user. MCSPO represents

the mass of steelwhich is consumed by core debris as it flows to the lower plenum. The MAAP guidance

document suggests that the mass of the core support plate is considered as the best estimate of the parameter

MCSPO. In the MAAP code, the mass of the core support plate is the only structure modeled in the lower

plenum. Because the lower plenum of a PWR contains many more structures than the core support plate, a ,

l

MAAP analysis could underestimate the quantity of steel that might be in the core debris. The steel mass can

have two effects:

(1) The oxidation of steel during direct containment heating (DCII): MAAP has modified its DCII

model to include the reaction of steam and air with steel. Depending on the' quantity of steel, the

oxidation of steel could provide a source of energy and of hydrogen equal to that of the oxidation

of zircaloy.

(2) The long-term effect on containment pressurization and hydrogen generation: The steel structure

in the lower plenum which could be included in the core debris,is similar in mass to the steel

reinforcement in the concrete. A large quantity of steelin the core debris could affect the

corium/ concrete interaction.

A sensitivity study of steel mass on DCII was not performed in the MAAP analysis but a study of its effect on

containment pressurization is included in the small break LOCA calculation. Here, the mass of the core support.

plate was increased from 3,712 Kg (base case) to 23,578 Kg to include the masses of the diffuser and bottom plate.

This additional steel increases the initialcorium mass in the reactor cavity by about 15% as shown in Figure

E.1(a). Because the steel mass does not contain any decay power, increasing the mass of the corium slightly

reduces its temperature when the corium is reheated after the depletion of water, as shown in Figure E.1(b).

Consequently, the concrete ablation distance and containment pressure are slightly reduced (Figures E.l(c) and

(d)). The results given in Figure E.1 reveal that the addition of about 20,000 Kg of steel to the corium does not

enhance the oxidation process. No additionaloxidation heat is generated to increase the temperature of the

corium, and no additional non-condensable gases are released to pressurize the containment (Figure E.2). It was

reported [8] that, for the present case, oxidation of the steelis limited by the availabilityof steam released from

the concrete. For both the base case and the sensitivity analysis, all steam released from the concrete is consumed.
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1

4 Primary Systent Natural Circulation
! -

Natural circulation is important for PWR high-pressure sequences because it plays an important role in removing

decay power from the core region to the rest of the primary system. Depending on the magnitude of the j

circulation flow, the removal of the decay power could cause a temperature-induced failure of the hot leg or surge

line.

In the MAAP code, the flow of natural circulation is calculated with a simplified one-dimensional, quasi-steady

momentum balance along predefined loops. Table E3 lists the model parameters involved in wmputing the flow

of natural circulation for a Westinghouse-type PWR system with a U tube steam generator geometry. Some

parameters, such as FAOUT (fraction of tubes carrying flow away from the hot leg in counter-current flow

calculations) and FWHL (bat leg o>unter-current flow coefficient)were determined by the EPRI/ Westinghouse: 1/7

scale experiments. In the MAAP guidance document [4], no uncertainty analysis is recommended for these two

parameters.

Table E3 Model Parameters for Natural Circulation

-

MoA Parameter Sensitivity Study, Ref [3] Guidance Document, Ref. [4]

No/Name Base Case Variation Best Estimate Uncertainty Analysis

59 VFSEP 0.6 0.25 0.6 None

9 HTSTAG 850 W/M'-k 100,5000 '850 None

10 FAOUT 03 0.1,0.5 03 None

54 FNCBP 0 1 0,1 0 (B&W)

53 FFRICR - 0.1 0.05, 0.2 0.1 None

57 FFRICX -0.25 0.1, 1, 0.25,-0.1, 1 0.25 None

75 FWHL 0.115 0.115 None-

56 NSAMP 10 1, 20 10 None

Descriptions of Parametets:
VFSEP: Void fraction in the primary system above which the phases separate and two-phase

natural circulation stops.
HTSTAG: Heat transfer coefficient between naturally circulating water and the surface of

steam generator tubes.
FAOUT: For counter-current flow calculations, fraction of tubes carrying flow away from the

p hot leg.

I, FNCBP: Flag to denote the configuration of natural circulation assumed in core.
' FFRICR: Friction factor for axial flow in core. '

FFRICX: Friction factor for cross flow in core.
FWHL: Cnflicient used to calculate the counter-current flow in the hot leg.
NSAMP: Coefficient used to smooth out numerical oscillations

i
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For a once-through steam generator of a B & W type, MAAP uses a simple model which considers the counter-

current flow in the candy-cane section of the hot leg. An empiricalconstant, similar to FWIIL, is included in the
, ,

model, which was correlated with limited experimentaldata. No se.2sitivity study has been reported for the once.

through steam generator. De natural circulation flow in the hot leg is expected to be much smaller in the once-

through steam generator design;its role in accident progression may not be significant.

The most important factor for natural circulation is the blockage model (FCRBLK), whose activation will reduce

the natural circulation flow and limit the increase in temperature in the hot leg region. De MAAP guidance

document recommends that the blockage model is deactivated for the base case to increase hydrogen generation.

This recommendation would increase the potential for a temperature. induced failure in the hot leg or surge line.

Thus, for high. pressure sequences, the MAAP guidance document suggests that calculations are performed with

and without induced hot leg failure. This approach would cover some of the uncertaintiesin the modeling of core

melt.

The effects of the model parameters for natural circulation reported in the sensitivity study [3] are summarized in

Table E.4. These parameters have little effect on the predicted failure time of the reactor vessel and the quantity

of hydrogen generated. Ilowever, some parameters affect the time of containment failure. Here are two cases in

which the containment fails earlier by abou' 5 to 6 hours.

He first case,which causes an early containment failure, involves the friction factor for cross flow in the core

(FFRICX = 0.25). This value is recommended as the best esticate in the MAAP guidance document. De.

approach would predict an early containment failure time. He second case involves the natural circulation

configuration (FNCBP) between the core and upper plenum. For FNCBP = 0 (base case for Westinghouse. type

design), the return flow of natural circulation passes along the peripheral fuel assemblies. For FNCDP = 1 ,

'

(recommended for the B & W. type design), the return flow of natural circulation passes through the core

barrel / baffle annulus. The sensitivity study performed for the Zion plant (Westinghouse design) showed that the

selection of the flow configuration could affect the containment failure time significantly. When the return flow is

allowed to pass through the core barrel / baffle annulus, the containment could fait early by about 5 hours.

The MAAP guidance document (4) states that,"for most plants, the core / upper plenum natural circulation
-

configuration parameter should be set to the default value of zero." No sensitivity study is recommended.

Ilowever, for "B&W plants and perhaps some others which have significant flow area through the core baffle and

through the core former plates,"it is recommended that the configuration parameter be set to 1 and sensitivity

calculation be performed for a high pressure station blackout sequence.

E 12



Table E.4 Effect of Natural Circulation Model Parameters J

Model Parameter Value Used Reactor Vessel Containment In Vessel Remarks

No/Name Failure, lir. Failure, lir. Cladding
-

Oxidation, %

Base Case - 4.0 36.8 25

59 VFSEP 0.25 3.98 36.9 26

9 HTSTAG 100 4.29 45.0 26 Delay Containment
Failure

5000 3.94 36.5 26

10 FAOUT 0.1 3.95 36.4 28

0.5 4.05 45.2 27 Delay Containment
Failure

54 FNCBP 1 3.80 31.4 24 Hasten Containment -
Failure

$3 FFRICR 0.05 4.05 37.1 26

0.2 3.97 37.0 25

57 FFRICX 01 4.05 41.7 25 Delay Containment -
Failure

1 4.15 41.9 28 Delay Containment
Failure

--

0.25 3.99 30.4 26 Hasten Containment
Failure

-0.1 4.21 45.1 24 Delay Containment :
Failure

1 3.95 39.8 24

56 NSAMP 1 3.88 38.1 25

20 4.07 38.4 25

See Table E.3 for Model Description.

We believe that the above MAAP guidance is vague. No specific criterion is given either to define the core-baffle

configuration or to assess the relative resistance of the through-core-baffle flow. In view of the importance of this

parameter on containment failure time given by the MAAP sensitivity study [3], we suggest that a clear guidance

be provided for all PWR plants. A sensitivity study should be performed in IPEs if there is any uncertainty on the

flow pattern for a given reactor vessel design.

-1
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5 Debris Dispersal and Distribution in Containment
.

The dispersal of debris at the time of reactor vessel failure and its subsequent distribution in the containment will

directly affect the containment's performance. These parameters are particularly important for high-pressure
.

sequences under which direct containment heating (DCH) is a potential contributor to the failure of the

containment. Table E.5 shows the model parameters of MAAP applicable to the dispersal and distribution of
i

debris in the containment.They cover the initialvessel failure size, ablation rate, RPV failure time, and debris

entrainment. All the parameters,except the initialsize of the RPV failure (XRPVO), were included in the

sensitivity study for the station blackout sequence [1]; their effects are summarized in Table E.6.

Table E.5 MAAP Parameters lavolved With Debris Dispersal and Distribution

Model Parameter Sensitivity Study, Ref. [3] Guidance Document, Ref. [4]

No/Name
Base Case Variation Best Estimate Uncertainty Analysis

1 FRCOEF 0.005 0.001, 0.1 0.005 None

3 TTRX 60 S 30,1000 Note 1 Note 2

24 TTENTR 0.5 S 0.1, 10 0.5 None

31 FENTR 033 0.2, 100 Note 3 None

34 NVP 1 10 1 None

Note 4 Note 4XRPVO - -

Parameter Description: !

FRCOEF: Friction coefficient used in calculating the reactor vessel ablation
TTRX: Delay time of the RPV lower plenum failure
TTENTR- Time constant for debris transport from the cavity in high-pressure sequences ,

FENTR- Multiplier used for flooding calculation |

NVP: Number of openings in RPV lower plenum that fail and discharge debris-
'

XRPVO: Initial radius of failure in RPV lower plenum
i

Note: 1. 60 s for plants with penetrations; 1800 s for plants with no penetrations ;

2. Larger delay times are recommended for some high pressure sequences and small ;

break LOCA.
3. A value of 1.0 for most plants with a Zion-like instrument tunnel. This value may )

be reduced for other plant specific cavity configurations.
4. Radius of penetration tubes and no uncertainty analysis. For plant with no <

'

penetrations, a value of 25 cm is recommended; and 1 cm and 50 cm for the
uncertainty analysis.

1
4

in the MAAP analysi;, the failure time of the lower head after contact with core debris is specified by the model

parameter TTRX. The selection of the delay time depends on whether or not the lower plenum contains
'

penetrations. The MAAP guidance document recommends a delay time of 60 seconds for plants with

penetrations, and 1800 seconds for plants with no penetrations. An uncertainty analysis using longer delay times is

E-14
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- Table E.6 Effects of Model Parameters Described in Tchte E.5

Model Parameter Value Used Reactor Vessel Containment in. Vessel Remarks

Fallun, Hr Fallun, Hr Cladding
Oxidalion, %

(Base Case) 4.0 36.8 25

FRCOEF 0.001 4.0 36.5 25

0.1 4.0 43.8 25

TTRX 30 4.0 363 25

1,000 4.27 453 26 Late Containment
Failure e

'ITENTR 0.1 4.0 36.8 25

10 4.0 42.6 25

FENTR 0.2 4.0 37.0 25

100 4.0 > 72 25 No containment
failure in 72 hrs.

NVP 10 4.0 43.9 25

suggested for some sequences. In the sensitivity study performed for the Zion plant,which has penetrations,E

containment failure was delayed by about 9 hours when the RPV failure time was postponed from 60 seconds

(base case) to 1000 seconds.

A large value of the flooding multiplier (FENTR = 100) was used in the sensitivity study [1], which resulted in a

considerable delay in the containment's failure time. Because the MAAP guidance document recont :nds the

multiplier to be 1.0 or less, depending on the configuration of the cavity, this analysis may not be reah. ' .

Table E.6 shows that some large values of parameters, such as the friction coefficient, entrainment time constant,

and number of penetrations,could also yield a later failure time.

These values are not recommended in the MAAP guidance document.
;

!

|

6 Debris Coolability in Containment

Following RPV failure, a large portion of core debris is relocated into the reactor cavity. Depending on the

accident scenario, water could flow into the cavity before or after reactor vessel failure. The potential quenching |

of the debris due to corium/ water interaction affects the extent of concrete erosion, generation of combustible

gases, and the rate of containment pressurization. Tnese issues are plant-specific,as they depend on the specific

configuration of the cavity and water transport into the containment.

E.15



He uncertainty in the corium-concrete interaction depends on the uncertainties of the initial and boundary

conditions computed by the code, such as the temperature and mass of the molten debris, the fraction of Zircaloy.

oxidation before vessel failure, and the quantity of water in the cavity. Many of these conditions are determined

by the in-vessel melt progression, discussed in previous sections. In addition, the MAAP code has two model

parameters, which can control heat transfer between the core debris and water. The two parameters were included -

in the sensitivity study [3], as shown in Tables E.7 and E.8. The results show that the debris film boiling

coefficient (HTFB) has no significant effect on containment failure time nor on releases of fission products from

the containment. However, the critical heat. flux parameter (FCHF) affects the failur.: time. An increase of the

parameter'svalue from 0.14 (base case) to 0.3 delays containment failure by about 3 hours. This delay is probably

due to the increased debris / water interaction,which rapidly cools the debris. ~ Consequently, the corium-concrete

interaction is reduced and less non-condensable gases are generated.

Table E.7 MAAP Model Parameters Involved With Debris Coolability

Model Parameter Sensitivity Study, Ref [3] Guidance Document, Ref. [4]

No/Name Base Case Variation Best Estimate Uncertainty Analysis

8 HTFB 300 W/M' K 100,400 300 None

33 FCHF 0.14 0.12, 0 3 0.1 Note

Parameter Description:
HTFB: Coefficient for film boiling heat transfer
FCHF: Coefficient used in the formula for critical heat flux

Note: Reduce FCHF to 0.02 in the uncertainty analysis for a debris thickness of 25 cm or more.
Increase the FCHF to 2.0 to make the atmosphere inert, if large burns are calculated to
occur in the immediate period after vessel failure while the debris is being quenched.

Table E.8 Effect of Debris Coolability Parameters
t

ne MAAP guidance document

Parameter Value Containment Failure, Hr. does not recommend any

(Base Case) 36.8 uncertainty analysis for the film

boiling coefficient (IITFB)'

HTFB 100 36J
because of its minor role on

the corium/ water interaction.-

For the critical heat-flux'

03 M.0 parameter (FCHF), the

document recommends a value of 0.1 as the best estimate, based on the comparisons with experimentaldata [4].

Uncertainty analyses are recommended for cases in which the thickness of debris is 25 cm or more. For a thick

debris bed, the parameter should be reduced to O' e limit heat transfer from the debris to the water. A

reduction in the value of the parameter was not .a e iin the sensitivity study. We believe that if the critical

heat flux parameter is small,it will significantlylimit the cooling of the core debris. The guidance document also

E-16

__



recommends a sensitivity analysis if hydrogen burns are predicted to occur in the immediate period after the vessel

has failed, while the debris is being quenched. He recommended best estimate then is 2.0. Using this large value

for the critical heat. flux calculation would increase steam generation and could, potentially, make the containment

inert and prevent a hydrogen burn. This approach is non-conservative as far as combustion is concerned; however,

it would predict a higher rate of pressuriution in the containment.

The recent MAAP analysis of a small break LOCA sequence shows that about 170,000 Kg of water and 130,000

Kg of corium are in the reactor cavity after the penetration failure of the vesscL Because of the strong

coriumAvater interaction (FCIIF = 0.1), debris is rapidly quenched from the initial 2500 K to about 400 K within

1500 seconds. Although the quenched debris does not yield any non-condensible gases from concrete erosion, the !

steam generation produced by the debris / water interaction causes a pressuriation rate of about 14 Pa/s in the

containment. The reactor cavity water is completely boiled-off in about 28,400 seconds, and thereafter, MAAP

predicts a dry cavity situation.

According to the MAAP analysis, the debris thickness is more than 25 cm for this small break LOCA sequence.

Herefore, a sensitivity analysis was performed to limit the coolability of the debris, as specified in the NRC

Generic Letter guidance [2]. The critical heat. flux parameter, FCilF, was reduced to 0.01 to assume a low

coriumAvater interaction. In addition, the curb at the outlet of the cavity instrument tunnel was removed to allow

water to flow from the lower compartment into the cavity. A flooded cavity was maintained for the entire

transient. The results show that the temperature of the debris stays above 1850 K (i.e.,an uncoolable . |

configuration). Comparisons with the base case are shown in Table E.9. When the parameter FCIIF is reduced,

the debris / water interaction is decreased and, consequently,less steam generation and less pressuriation are

predicted. As a result of lower pressuriution,the containment failure time is delayed by about 11 hours. A delay j

of containment failure allows a longer period of corium-concrete interaction,which in turn, results in a large
~

release of gases from the concrete. The release of a large quantity of combustible gases is an important

consideration for any accident. management strategy.

E-17
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Table E.9 Debris Cootability Study

Base Case Sensitivity Study

FCHF 0.1 0.01

Cavity Configuration Wet / Dry Wet

Debris Temperature Ouenched Before Water Above 1800 K
Depletion

Average Containment 14 Pa/s prior to water depletion, 2.6 Pa/s due to corium/ concrete
Pressurization Rate 3.8 Pa/s due to corium/ concrete interactivn

interaction

Concrete Erosion Distance, m 0.8 1.5

Gas Release From Concrete, Kg

Steam 1,350 4,800

' 70 860H: a

CO 5,700 19,000
2

CO 90,000 230,000

Containment Failure Time, S 92,718 134,136

Note: Concrete crosion and gas release are evaluated at the time of containment failure.

7 H /CO Combustion2

Table E.10 summarizes the combustion parameters used in the MAAP code. He flame-flux multiplier (FLPIII),

which represents all the uncertainties of the MAAP. computed flame speed, flame surface area, and gas density,is

probably the most important parameter. His multiplier parameter has been determined by benchmark

calculations against four series of experiments (WNRE, EPRl/ACUREX, VEGS, and NTS). At the second

familiarization meeting [9], it was reported that the experimentaldata can be reasonably represented by using a

flame-flux multiplier of 2 for quiescent conditions, and 10 for turbulent environments (i.e,when the containment's

fans or sprays are turned on). For many cases, the MAAP combustion model underpredicts the burn duration

with respect to the experimentswhen the recommended values of the flame flux multiplier are used. The MAAP

model also underpredicts the combustion completeness by about 20% for some cases. Because the MAAP 3.0B

combustion model was not included in the sensitivity study [3}, and the MAAP analysis of a small break LOCA

sequence [ Appendix C] does not result in any combustion in the containment, the overall effect of the uncertainty

of the flame flux multiplier on containment performance cannot be assessed. In the MAAP guidance document

[4], no recommendation is made to change the multiplier parameter for uncertainty analysis. Ilowever, a

discussion of the MAAP model for ALWRs [10] suggests that if a sensitivity analysis is desired, a minimum value

of 1 and a maximum value of 3 for quiescent cases are recommended. For turbulent cases, the range of the

parameter should be expanded to include 3 and 12. Because of the importance of this parameter and the lack of
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any sensitivity study analysis, the same recommendations made by Plys and Astelford [10] for ALWRs are

suggested for existing LWRs for accident sequences,in which combustion has an important contribution to the

failure of containment.*

Table E.10 Combustion Model Parameters

Parameter Guidance Document

No/Name/ Description Best Uncertainty
Estimate Analysis

36 SCALU Scale Factor on Computer Burn Velocities 1 None

60 TJBRN Gas Jet Temperature Required for 1060 K Note 1

Combustion to Occur

71 TAUTO Autoignition Temperature 983 K Note 1

72 XSTIA Steam Mole Fraction to Make the 0.75 None

Autoignition Inert

73 DXHIG Offset Concentration Used to Account for 0 Note 2
Unreliability in Ignition

74 FLPHI Flame Flux Multiplier Note 3 Note 4

Note: 1. If H behavior is driven byjet-burning or auto-ignition, the two temperatures should
be increased to 3000 K to terminate the effect.

2. In at least one station blackout sequence, in which no obvious ignition sources exist,
a large value of DXHIG should be input.

3. The best estimate is 2 for no fans or sprays; 10 for fans or sprays.
4. Reductions in FLPHI below I can be used to model diffusion flames.

Uncertainty analysis for the jet-burning and auto ignition temperatures are recommended in the MAAP guidance

document which suggests that for sequences in which hydrogen behavior is driven bv the jet-burning and/or auto-

Ignition effects, these effects are terminated by increasing the two input tempcratern to test their impact on the

containment's performance. Terminating these effects would allow ?.he accumulation of H /CO in the containment3

until ignition criterion, based on concentrations, are met. This approach is a conservative one for the analysis of
"

combustion behavior.

The reliability of the ignitors is a concern for some sequences, such as the station blackout without AC/DC power.

Here, the MAAP guidance document recommends the use of a large value for the parameter DXHIG to test

sensitivity to delays in the onset of burning. This approach also is a conservative one for the containment analysis

of combustion behavior.
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8 Summary
i

MAAP/PWR model parameters and some input parameters,which effect predictions of containment failure modes

and containment performance,were reviewed. The review is based on 1) the PWR sensitivity study [3] performed |

for the station blackout sequence,2) the MAAP guidance document [4], and 3) the MAAP analysis for a small

break LOCA sequence [ Appendix C). He PWR sensitivity study includes most of the available MAAP model

parameters, and covers a wide variation in their values. Only the DCII and combustion models were not

considered in the sensitivity study. The MAAP guidance document recommends the best estimate values of these

parameters and their ranges for a sensitivity study to use in IPEs, if needed. He discussions and

recommendations given in the guidance document, in general, are adequate for IPEs. Ilowever, because of the

importance of certain parameters and/or the lack of sensitivity analysis for these parameters,we recommend that
'

the following also be considered in IPEs:

(1) Because of the importance of the model parameter FLPIII (flame flux multiplier) on the MAAP ;

combustion model, and the lack of a sensitivity study with this parameter,we suggest that the

flame flux multiplier is included in an uncertainty analysis for those sequences in which

combustion plays an important role in the performance of the containment. De same values of

the parameter recommended for ALWRs [10] could be used for IPEs.
.

(2) De MAAP sensitivity analysis performed for tbc Zion plant shows the importance of the flow

path of in-vessel natural circulation on containment failure time. The recommendations for

uncertainty analysis given by the MAAP guidance document is not clearly defined for all IPEs.

We suggest that a specific criterion be developed for the selection of this parameter. He

criterion should be based on the flow areas and flow resistances.

(3) The MAAP/PWR anairrtindicate the importance of the latent beat of cutectic solution on

hydrogen generation and 'mtainment failure time. He maximum value (400 IO/Kg) in the

MAAP code is within the uncertainty range of the latent heat. Herefore,we suggest that this

maximum value is included in the uncertainty analysis for IPEs.

1

In addition, this review noted that a parameter used in References 3 and 4 for sensitivity studies related to

variation in fission product generation and release, also had a significant effect on containment failure time [3]. !

This parameter, FCRDR, allows the user to specify the conditions for which all remaining solid core debris is

ejected when the vessel fails. The user specifies the fraction of originalcore mass, below which the remainingcore - j

is dumped into the reactor cavity. As indicated in the main report (Volume 1), we suggest that this parameter be

varied also for the IPE analysis. 1

|
,
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.These recommendations are based, in large part, on information provided in the sensitivity study [3).-
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1 Introduction

Appendix D compared the results of a loss of all electric power scenario for a BWR with a Mark I containment,

using MAAP and MELCOR. This comparison shows that some of the most basic assumptions used in MAAP affect

significant figures of merit. Among these assumptions are the amount of hydrogen produced in-vessel, the

composition and physical state of the ejected core debris, the spreadability of this debris, and the heat transfer logic

used to determine the coolability of the debris.

This appendix examines these issues, ami ascertains whether by varying input parameters in MAAP we could obtain

results which bound the inherent uncertain,'ics. Some of the uncertainty is reflected in the predictions of alternative

models such as MELCOR. MELCOR cals ulated earlier times for heatup of and failure of containment than MAAP.

The physical form of the corium debris is at the root of much of the difference between these codes. MELCOR

permits solid, as well as molten corium debris, whereas the debris is predicted to be nearly fully molten in MAAP.

The previous study (Appendix D) indicated the possible variation in estimates we can observe from differences in this

basic assumption.

One approach is to recommend that IPEs supported by MAAP be submitted with sensitivity studies an key input

model parameters to demonstrate the variation in results. Several such parameters are investigated in this report. If

such variation in input parameters is insufficient to cover the differences in outcomes between alternate severe

accident analyses, model changes to the code also may be recommended.

This appendix has three attachments which provide the MAAP and MELCOR results in more detail.

2 MAAP Sensitivities

The MAAP model, as described in Appendix D, is taken as the base case. For each sensitivity case, one input

parameter is varied and its effects are studied.

2.1 Two-Sided Clad Oxidation

Approximately half of the zircaloy in the core is in the fuel cladding. FAI ran a MAAP case where the input

parameter FUMIN was set to the two-sided clad oxidation option. The result was an increase in H: generated in-

vessel to 970 kg. The base case with single sided clad oxidation produced 860 kg. Because the surface area of

zircaloy is greater for the cladding than for the channel material, we might have expected more than this 13%

increase in hydrogen generation For the MAAP runs, although the local channel blockage flag was chosen, a code

error resulted in the no blockage model being used by MAAP for both the single and dorble sided cases.
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Several phenomena contribute to these results. With greater oxidation, because of the larger surface area, greater

oxidation energy is produced. This production results in a quicker heatup of the fuel cells and a faster vessel failure.

The amount of increased zircaloy oxidation is affected not just by the surface area, but also by steam availability and

relocation dynamics. It is the lack of steam from the lower plenum region due to the short time between lower core

plate failure and vessel failure which is the dominant effect in the only mild increase in the in-vessel hydrogen

production for the two-sided clad case.
I

The increased hydrogen production for the two-sided oxidation sensitivity run should reduce the time to containment

failure. Unfortunately, this time cannot directly be compared because the sensitivity case had different options for

containment modelling.

We should note that MELCOR predictions for in vessel 11 production range from 600 kg for the finer core2

nodalization to 1000 kg for the base case (see Section 3).

Table F.1 Two Sirled Oxidation

MAAP Clad H Produced In-Vessel Time of Vessel Percent Clad and
Oxidation Up To Vessel Failure Failure Channel Material

Surface Option Time (kg) (Seconds) Reacted In Vessel

Base 860 7765 28

(Single Sided)

2-Sided 970 7558 31

2.2 Composition of Corium

The ..tAAP guidance document [1] does not presently recommend varying the mass of the core support plate.

110 wever, Appendix D showed that there can be a considerable difference in relocated steel between MELCOR and

MAAP. The BWR version of MAAP relocates the steel in the control blades, the lower core plate, and the ablated

portion of the vessel lower head. This assumption excludes the steel in the upper fuel tic plate, the top guide, the I

lower fuel tic plate, and the control rod drive tubes, which amounts to a mass of about 50,000 kg for a commercial

BWR. To observe the effect of varying the rek>catable steel, the core support plate mass was varied. The cliect on

the time to containment failure was significant. Table F.2 shows increasing the steel mass increases the time to

containment failure. The accompanying plots of Attachment I show that th corium temperature on the drywell floor

is lowered when larger amounts of steel are added. This lower temperature reduces the concrete ablation and

production of non-condensible gases.

F4
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These results imply that during the time before containment failure, the effect of the additional mass of steel in

reducing concrete ablation is larger than the oxidation energy produced by the greater mass of metallic constituents

(iron and chromium) in the corium. Indeed, for the two higher steel mass cases, there is little ablation to supply the

necessary oxygen containing compounds (CO , H 0) to the corium for oxidation. Even for cases where iron and2 3

chromium oxidation occur, the zircaloy is fully oxidized first. For the 60,000 kg of steel case, this results in no

discernable oxidation of chromium until 50,000 seconds. Zirconium dioxide stopped being produced at about 30,000

seconds. These times are for masses in the pedestal.

Table F.2 Eliects of Increased Core Plate Steel

Core Total Fe Mass Mass of Corium DW Concrete Time DW Containment
Support Added to Cont. In Ablation Corium is Failure Time

Steel Plate (kg) Drywell/ Pedestal Depth Above 1500 K (s)
Mass (kg) (kg) (m) (s)

10,000 15,000 163,000/83,000 0.4 15,000 to end 72,673

of run

24,000 25,000 178,000/84,000 6x10~8 20,000 to 85,916
60,000

460,000 30,000 182,000/85,000 1x10 20,000 to 93,208
40,000

*DW = Drywell

D

'

The iron mass ejected from the vessel includes that portion of the steel from the core support plate that was

predicted to melt. (This steel becomes molten through contact with the core cell above it.) Table F.2 shows that the

iron mass in the containment has increased by only 15,000 kg, when the core plate mass increased from 10,000 to

60,000 kg. This difference, which is reflected in the mass of corium in the drywell, is suflicient to substantially change

the concrete ablation history in this region. This can be observed by the values for time at which the corium in the

drywell remains above the 1500 K ablation temperature, and the depth of concrete ablation (Table F.2).

2.3 Spreadability of Corium

As explained in the introduction, the physical form of the corium ejected from the vesselis a major modelling

difference between MAAP and MELCOR. The ability of the corium to spread across the pedestal and drywell floor

is affected by the physical state of the corium. In the MAAP base case, the corium was fully or nearly fully molten,

and it was predicted to be distributed as 80% in the drywell and 20% in the pedestal. These ratios are determined

by code logic based on options and floor area characteristics supplied by the user. Another case was run, following

the MAAP guidance document [1], in which the area of the drywell floor was reduced to one quarter of the initial

value. (This area coupled with the pedestal floor area then approximately equaled the cavity floor area assumed in

the MELCOR analysis). The revised MAAP results show more of the corium being retained in the pedestal region

F-5
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(26% in the pedestal and 74% in the drywell). Note that the pedestal region as modeled in MAAP has a sunken
.

.

floor in reference to the drywell floor. The effect of this change was to reduce the predicted containment failure

time by about 12 hours to 42,021s. The early containment failure time is closer to the time of containment failure +m

e

E predicted by MELCOR.

2.4 Coolability of Corium

MAAP uses a homogeneous model for the corium pool in the containment. This model is very different from the

model in MELCOR. As a result of the comparison for the bss of All Electric Power scenario between the two

codes, we found a large difference in time to containment failure. Parameters that may have contributed to the

difference were reviewed, and the heat transfer coefficient between the corium pool and its crust were found to be

important. This user-controlled input parameter affects the heat loss from the corium, and particularly the

distribution of heat between the concrete surrounding the pool and the upper surface of the corium. As discussed in

the description of the DECOMP subroutine in MAAP, the heat flux (q') out of corium pool surfaces is determined

by the expression:

q' = h[T, - Tr,) + q,x, (1).

where,

h = Convective heat transfer coefficient between corium pool and crust

T,= Bulk temperature of the molten debris

T,, = Melt temperature of debris and assumed temperature at pool-crust interface

q,= Volumetric heat generation rate of corium

x, = Thickness of crust

in equation (1), a change in the convective heat transfer coefficient will affect the heat transfer from the pool to the ;

crust for all surfaces. Also, an energy br.'ance on the crust determines its thickness, and as shown in equation (1) will

affect the heat transfer from the outer surfaces of the corium crust.

For a small value of "h', the crust at the upper surface will be thicker than for a larger value of "h' By raising the

- value of "h', a greater amount of heat is transferred to the crust. To dissipate this heat, the crust thickness is reduced 4

and its outer surface temperature increases. With a small thickness, less heat will be produced by the volumetric

source term [q,x,]. However, the total heat loss from the outer surface is controlled by the atmospheric convective

term, the radiation term to the concrete surrounding walls, and the temperatures of the heat transfer nodes.

There also is an effect on the crust surfaces in contact with the concrete. Again a higher "h' will be compensated for

by an increased heat flux to the concrete. An increased heat flux will, in turn, lower the crust thickness. However,

although the heat transfer driving potential (crust outer surface temperature in contact with the concrete) will rise, we

F-6
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may not see a change in.the conductive heat transfer coefficient, i.e., the contact heat transfer coefficient betweeny,

. crust and concrete.

IThe result may be a smaller increase in the heat removed from the crust to concrete, than from crust to atmosphere -

' because of a rise in *h'. This would be governed by the q,x, term in equation (1).

In mathematical notation:
.i

.(2) daq" == [TrTJ (#'#') ,

Sh ah

To compare the heat split between the concrete (,) and atmosphere (,), the T,- T,3 erm would be the same.t
.,

I
aq 6(q, x/) (3)a

= (T, - T,) +
ah oh

,

i

and

aq " I (I' #|) (dI;
== [T, - Ty +

ah Bh

04 "Equations (3) and (4) show that will be equal if the crust thickness changes are the same. However, this .
Bh

should not be true for the reasons explained.

Hence, increasing 'h" should result in a greater initial transient heat loss from the corium pool and a quicker rise in

- concrete and atmospheric temperatures. Further,it should result in a greater percentage rise in the heat loss upward .
..

,

versus downwards or sideways (although, this may be amall). Based on the above discussion we would expect that

increasing the value of 'h' will increase the generation of non-condensable gas, possibly raise chemical reaction

energy in the corium pool, and increase the heat transfer to the atmosphere.

As shown in Table F3, increasing the value of "h'substantially decreased the time to containment failure. . The

primary cause was an increase in the generation rate of non-condensible gas from core-concrete-interaction (CCI).

In particular, the drywell concrete now undergoes substantial ablation because the higher 'h' allowed a sustainable ;

ablation temperature in the drywell floor.

t
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3 MELCOR Sensitivity

We conducted a sensitidty study based on increasing the number of core nodes to investigate its effects on the timing

of in-vessel phenomena and H: production. A 5x7 active fuel zone mesh was created from the 3x5 configuration of

the base case. The two inner rings of the base case and the two upper fuel containing horizontal rows of cells were

each split in half for the 5x7 configuration. First, fuel melting had been predicted in this region. Numerous input

changes were needed to incorporate this new mesh.

Table F.3

Ileat Transfer Time of Containment DW Temperature Concrete Ablated Global II: Mass
Coemclent Fnliure (TOF) nt TOF at TOF DW/Pd at TOF (kg)

J/S K m' (s) (K) (m)

1,000 85,916 710 .6x10'2/0.72 1250

10,000 66,816 680 0.28/0.66 1500

TOF = Time of Containment Failure
Pd = Pedestal

3.1 Enhanced Core Nodalization
-

,

increasing the number of core nodes gave interesting results:

1) The in vessel II, production dropped.

2) The time between the failure of the core support plate and vessel failure dropped significantly.

The second of these effects is because of the unique geometric configuration of the lower plenum. Essentially, with

an equal corium mass located in a volumetrically smaller cell, more of the penetration surface area will be in contact

with the corium. This is because the corium is not permitted to spread radially across ring boundaries. The lowest

lower plenum cell contains the corium available for penetration attack. The amount of corium initially relocated to

the lower plenum is the same for both cases, because even though the S x 7 run has less total core mass in its interior

rings, a greater percentage of the cladding has melted in the ring that fails first.

In the version of MELCOR we used, when the corium relocates, only a small amount of the particulate debris passes

by the lower intact core to attack the core support plate. For the S x 7 core, the amount relocated to a given core

support plate ring is smaller than for the 3 x 5 core. Because this results in boil-off of the water above the plate, this

action affects both further core heating and relocation, as well as hydrogen production. The Zr available for

oxidation is either in an intact geometry or has a distorted surface area due to candling. The output from the -

F-8 I
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MELCOR runs suggests that channel material can remain in some of the axially higher regions of the core after the

fuel clad has relocated.

In both cases, however, it is the same geometrically located material, ring 2 (R2) in the 3 x 5 core, and R3 in the 5 x

7 core, that first fails the plate. In the 5 x 7 core, the amount of zirconium in conglomerate form is greater at the

plate failure time. Both cases show about 600 kg of H: produced up to the plate failure times, but because of the

difference in time between plate failure and vessel failure, and possibly the surface area of zirconium available in

conglomerate form, the 3 x 5 core produces far greater in-vessel H . None or very little zirconium has been

transported to the lower plenum at the time of vessel failure, therefore, H continues to be produced above the plate.

The lack of a corium spreadability model in the lower plenum is the dominant phenomena that should be investigated

for both its direct effect on vessel failure time and its synergistic effect on hydrogen production. It is not realistic to

assume that no corium spreading will occur outside the immediate region of plate failure. Perfect spreading of the

debris may not occur either. MELCOR does allow the modeler to adjust the vessel penetration characteristics and

the height of the lowest lower plenum cell. These could be used to tune the surface area of the vessel penetration' i

attack and heat transfer characteristics, if desired. However, any such tuning would be based on altering some

physical parameters to match an estimate of the degree of corium spreadability in the lower plenum.

4 Conclusions and Recommendations

The basic assumptions of the corium's physical properties, especially solid vs. liquid form, have a major impact on the

time to containment failure. Of the four sensitivity cases conducted with MAAP, the assumption regarding corium

spreadability has the greatest effect. By reducing the spread of the corium to an area closer to that used in

MELCOR, we can obtain relatively close agreement in containment failure times predicted by the two codes. The

MELCOR floor area available for CCI was twice the pedestal area of MAAP. In the MAAP sensitivity study a

similar floor surface area resulted in a containment failure time of 42,000 s, which is only 40% larger than the failure

time of approximately 30,000 s predicted by MELCOR. This input parameter variation is recommended in the
|guidance document [1], and BNL strongly agrees with this recommendation.

The sensitivity of the MAAP results to the corium pool-to-crust heat transfer coefficient,"h", '.aso is strong. An order

of magnitude increase in "h" reduced the time to containme+ t failure by about 25% ;i

i

In MAAP, when UO and Zr are expelled from the Reactor Pressure Vessel (RPV), the assumption of a ,2

homogenous corium pool allows close and total contut between the UO and Zr. An equilibrium constant is I
2

i

calculated for the reaction:

UO + Zr ~ U + ZrO2 2

i
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which results in a chemical reduction of UO . In this way, a substantial amount of Zr O is created at the time of2

: vessel failure. With this assumption, MAAP assures that nearly all the Zr will be oxidized.

Table F.4 Comparison of Key Timing Events

3x5 5x7

Core Uncovery (s) 2500 2900

Clad Perforation (s) 4060 4576

H Generated (s) 4000 4500

Clad Melt (s) 5000 5500

Fuel Relocated (s) 5000 5500

Fuel on Core Support Plate (s) 5500 5600-

Core Support Plate Failure R1(s) 9800 8000

R2(s) 6500 8800

R3(s) 15,500 7400

Vessel Failure R1(s) 9910 8099

R2(s) 12,077 8755

R3(s) 7458

Cavity Receives Mass (s) 14,900 11,400

Concrete Attr k (s) ' 20,000 '11,400

Containmr.nt Failure Time (s) 31,820 27,241

Initial Corium Mass Relocated to Lower 29,000 29,000

Plenum (kg)

Mass of Corium in LP, at time of Vessel 100,000 - 29,000
Failure (kg)

Water in Lower Plenum at TOF (tons) 21 41
r

Wetwell Airspace Temp. at TOF (K) 350 350

Drywell Airspace Temp. at TOF (K) 1300 975

DW Pressure at TOF (psia) 130 130
!

H2 Produced in vessel at the time of vessel 1000 600
failure (kg)

Mass of H: Produced in vessel at TOF (kg) 1140 <760

Note: Ri = i* ring
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The oxidation of the uranium will then occur based on the availability of H O and CO released from concrete2

ablation. From 20,000 to 50,000 s, the base case shows little uranium oxidation (about 20,000 kg), while the

sensitivity case shows nearly four times this value (80,000 kg). Thus, though the amount of oxidized Zr in the two

cases is similar, the chemical energy released is higher for the sensitivity case because of the oxidation of uranium.

The threshold of ablation in MAAP is therefore important. In MAAP, there is no release of free water in the

concrete until the ablation temperature is reached, but substantial ex vessel zirconium oxidation is guaranteed without

steam being available.

If a case shows insufficient corium energy to produce ablation, parameters which can affect corium spreadability and

corium heat flux should be varied to determine their effects. Therefore, there is a need, to reduce the spreadability

of the corium, and possibly at the same time varying the value of "h" to initiate concrete ablation. The former

sensitivity should capture most of the concern over ablation, however.

In-vessel oxidation of zirconium is enhanced by two-sided oxidation; the effects will be very dependent on the

accident under investigation. For the station blackout scenario that we investigated, it is important. However,

MAAP's increase in hydrogen with two-sided oxidation did not substantially change containment challenge time. The

major effect is the amount of water in the lower plenum which is made available to the zirconium remaining in the

core. Because of MAAP's rather short time predictions for the time between lower core plate failure and vessel

failure, little of this water is available for H generation in-vessel. Therefore, to compensate for the possibility of

more steaming from lower plenum water, BNL recommends the use of the no blockage model Ad single sided clad -

oxidation for the base case. A lower estimate for in-vessel hydrogen generation can be obtained using the local

blockage model and the singic-sided clad oxidatior surface, a higher estimate can be obtained using no local blockage

and a double sided clad oxidation surface.

The MAAP sensitivity case for core support plate steel showed a monotonic trend in the time to containment failure,

increasing the steelincreases the time to failure. There was little effect on vessel failure time or in. vessel H

production. The difference in containment failure time is related to ablation of drywell concrete for the 10,000 kg

case and lack of ablation in the 24,000 kg case. The lower steel mass resulted in significant H production and

ablation of the concrete in the drywell. In both the 24,000 kg and 60,000 kg case, the amount of ablation was small.

Still, somewhat more H is produced for the 24,000 kg case, and the corium is hotter over most of the time span of.

interest. Therefore, any altering of the chemical reactions or increased corium mass are insufficient to compensate
,

for the lowering the effective long term corium temperature, when the steel mass of the core plate is increased. The

use of the true steel mass of the plate, as recommended in the guidance document, [1] is appropriate with the CCI

model presently used.

The oxidation of the metals composing the corium pool on the concrete is much different for MAAP and MELCOR.

The ejection sequence of the available metals in the RPV is important in this regard. The effect on oxidation energy

F 11
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is strong. There are periods of time in the MELCOR calculation during which the oxidation energy is greater (by

'almost an order of magnitude) than the decay heat. In MAAP, decay heat always dominates. MAAP's low oxidation

energy may need further investigation.

Summarizing, the sensitivity runs discussed above have resulted in the following recommendations:

For in vessel hydrogen generation in a BWR, assuming the base case is calculated with single-sided clad oxidatione

and no local blockage, BNL recommends two sensitMty calculations; one with the two-sided oxidation and no

local blockage, and one with single-sided oxidation with local blockage..

For core-concrete interaction (CCI) modeling in a BWR, DNL recommends a base case assuming only one-*

quarter of the drywell floor area is available for concrete attack. A sensitivity is recommended in which all the

drywell floor is availabic for attack.

5 References

1. Kenton, M.A. and Gabor, J.R., " Recommended Sensitivity Analyses for an Individual Plant Examination Using

MAAP 3.0B," Gabor, Kenton and Associates, Inc.
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May 31, 1991

Dr. J. Valente
Safety & Risk Evaluation Division
Brookhaven National Laboratory /
Building 130 ,

Upton, Long Island, NY 11973

SUBJECT: MAAP SENSITIVITY STUDIES FOR THE MELCOR/MAAP COMPARISON
.

Dear Dr. Sfalante:
,

Enclosed are the results of MAAP sensitivity studies and a floppy. disk
which contains four modified subroutines from BUR MAAP 3.0B revrion 7.0 ;

for the MAAP/MELCOR comparison. Five cases were run and compared here. i

The figures of merit of the original case is also attached for comparison. |

Differences among the cases are described below. '

.
'

j
Case 0 (BNL_SBO) . '

The original case.
-1

Case 1 (BNL_MCSPD) l

The core plate mass was increased to 60,000 kg from 24,000 kg in the |
original case.

Case 2 (BNL_MCSP1)
The core plate mass was reduced to 10,000 kg from 24,000 kg in the
original case.

Case 3 (BNL_HT4) ,

The corium crust heat transfer coefficient was increased to 10,000 j--

(J/(SEC*K*M**2) from 1000 (J/(SEC*K*M**2)) in the original case.

Case 4 (BNL_DWO) '

.;

The pedestal floor elevation was raised to drive the debris to the
drywell. The drywell liner was changed as an' adiabatic wall. The-
dryvell floor area was set equal to the pedestal floor area, which

'

is about one quarter of tho' original'drywell floor area.

Case 5:(BNL_DW1) .

This is essentially same as case 4 (BNL_DWO) except that two sided
oxidation model was used (FUMIN-2) on hydrogen generation.

.

N
16N070 West 83rd Street e Burt Ridge, Illinals 60521 e (708) 323 4750

Telelax (708) 986 5461
. - w



Case 1 and 2 are the sensitivity studies of the core plate steel mass. 'The
results showed that adding more senel in the core plate increased the debris
mass in the containment. Because the additional steel mass was served as
heat sink in the debris, the debris temperature and concrete attacking rate
were decreased which caused ccntainment failure later.

Case 3 is the sensitivity study of the corium crust heat transfer coefficient.
Containment failure time was sooner in this case because the debris
temperature in the drywell was above the concrete melting temperature to
cause strong concrete attack.

Case 4 is the sensitivity study of the debris spreading in the containment.
Less heatDebris was forced to stay in the drywell with small floor area.

loss from debris to the gas caused strong concrete attack and earlier
containment failure.

If you have questions regarding this transmittal, please do not hesitate to
call me at (708) 887-5243 or Marty Plys at (708) 887 5207.

.

Sincerely yours,
1

b
-

Toby Wu
Method Development Group

cc: R. J. Hammersley
M. C. Plys
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'

| Water Level in RV '

|
'

iTSIHS1? .T OF INNER PD: WALL
0- t.TS1HS2 - T OF INNER DW. WALL '

, '/. '

u

- TSIHS3 : T OF DRYWELL FLOOR
s

TSIHS4. .T OF TORUS ROOM WALL -
L' THSIP(1) - T OF INNER PD WALL i

THS2P(1) T OF INNER DW. WALL o
"

: THS3P(1) . T OF DRYWELL FLOOR
-.TCNPD(1) ' T OF CONCRETE IN PD

m

TCNDW(1) T OF CONCRETE IN DW , .

TWPS WATER TEMP IN PS
..

.TSATPS SAT TEMP IN PS
TLCMLP CORIUM TEMP IN LP*

'.* TI1OP MAX CORE NODE TEMP
UCMLP CORIUM ENERGY IN LP
TWDW- WATER TEMP IN DW

:MWDW WATER MASS IN DW l'

'MCMTDW CORIUM MASS IN DW '

MCMDW(1) U OF MASS OF CORIUM IN DW.
' MCMDW(2) UO2 MASS OF CORIUM IN DW . c: -

MCMDW(3) C MASS OF CORIUM IN DW ,'

MCMDW(4) ZR MASS OF CORIUM IN DW
: MCMDW(5) .ZRO2 MASS OF CORIUM IN DW ''

MCMDG6) .. CR MASS OF CORIUM IN DW.
MCMDW(l) CR203 MASS OF CORIUM IN DW.

' MCMDW(8) FE MASS OF CORIUM IN DW--

NF02DW. MOLE FRAC 02 IN DW
. NFst uw . ' MOLE FRAC STEAM IN DW ~-

. NFN2DW ' MOLE FRAC N2'IN DW
' , .,

V'
TWPD - WATER TEMP IN PD

''
,

MWPD WATER MASS IN PD.
XWPD . WATER HEIGHT IN PD.-

>

|,

MCMTPD. CORIUM MASS IN PD i*

> -

NF02PD MOLE FRAC 02 IN PD ' ~

NFC2PD: MOLE FRAC CO2 IN PD
L

. NFSTPD . MOLE FRAC STEAM IN PD
NFCOPD: MOLE FRAC CO IN FD j,

,

w- a
NFN2PD MOLE FRAC N2'IN PD'

;MCMPD(I) . U MASS OF CORIUM IN PD :
J MCMPD(2) |UO2 MASS OF CORIUM IN PD

,

MCMPD(3) C MASS OF CORIUM IN PD - W

; MCMPD(4)- ZR MASS OF CORIUM IN Pn
,

N
MCMPD(5) ZR02 MASS OF CORIUM'Ih PD
MCMPD(6) . CR MASS OF CORIUM IN PD

-

'

MCMPD(7) . CR203 MASS OF CORIUM IN PD

l

L,
"

do,

; , 1 ..



|

MCMPD(8) FE MASS OF CORIUM IN PD
MCMTWW CORIUM MASS IN WW I

!
NFN2WW MOLE FRAC N2 IN WW
MCMWW(1) U MASS OF CORIUM IN WW l

MCMWW(2) UO2 MASS OF CORIUM IN WW
MCMWW(3) C MASS OF CORIUM IN WW
MCMWW(4) ZR MASS OF CORIUM IN WW
MCMWW(5) ZRO2 MASS OF CORIUM IN WW
MCMWW(6) CR MASS OF CORIUM IN WW
MCMWW(7) CR203 MASS OF CORIUM IN WW
MCMWW(8) FE MASS OF CORIUM IN WW
MFPREX(1) MASS NOBLES EX-VSL
MFPREX(2) MASS CSI/RBI EX VSL
MFPREX(3) MASS TEO2 EX-VSL
MFPREX(4) MASS SRO EX VSL
MFPREX(5) MASS MOO 2 EX VSL
MFPREX(6) MASS CSOH EX-VSL

>

MFPREX(7) MASS BAO EX VSL
MFPREX(8) MASS LANTHANDS EX-VSL
MFPREX(9) MASS CEO2 EX-VSL
MFPREX(10) MASS SD EX-VSL
MFPREX(11) MASS TE2 EX-VSL
MFPREX(12) MASS UO2+ EX-VSL
MFPRIN(1) MASS NOBLES IN-VSL
MFPRIN(2) MASS CSI/RBI IN VSL
MFPRIN(3) MASS TE02 IN VSL
MFPRIN(4) MASS SRO IN VSL
MFPRIN(5) MASS M002 IN VSL
MFPRIN(6) MASS CSOH IN-VSL
MFPRIN(7) MASS BAO IN-VSL
MFPRIN(8) MASS LANTHANDS IN VSL
MFPRIN(9) MASS CEO2 IN-VSL
MFPRIN(10) MASS SB IN VSL
WWDCCR WATER FLOW RATE FROM DC TO CORE
WSTCR STEAM FLOW RATE FROM CORE
XWB WATER HEIGHT IN B COMPT

I

I
i
|
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45 BATCH OUTPtTI AND FILE INDEX'

l

Table 4 3

DESCRIPTION OF BWR PLOT FILES

First Flot File - Prhary Svaten (Default File #41)

TIME Time since accident initiation.
PPS Pressure in the primary system.

QCORE Total core power.

TCPS Average temperature of gas in the primary system.
TVLP Temperature of water in the lower plenum.
TVSH Temperature of water in the shroud.
WCORI Core inlet flow rate.
WSTBRK' Steam flow rate through the break.(lower plenum).

WFLSH Flashing race in the shroud.
WFLLP Flashing rate in.the lower plenum.
WFLPS Flashing rate in the core.

.MCIABE Clobal mass balance on water, s
:I.

,

W14CA Water flow rate through LOCA. 1

MWSH Mass of water in the shroud.
WJETO Total flow rate.fron downconer to lower plenum. ,

b
MWLPP Mass of water in the lower plenum,

MWPSP Mass of water in the core.
MSTPS Mass 'of steam in the primary system.

MU2CT Mass of UO in the core. ,'

M14MLP Mass of molten corium in the lower planum.
.;'

XHCMLP Height of corium in the lower plenum. .)

~MCRUST. Mass of corium in frozen crust (lower plenum).- ,

XVJET Height of. water in the jet pumps (ref, to boctos of vessel). |

XWCOR Height of water in the core (ref. to bottom of vessel).*

XWSH Height f f water in the shroud (ref, to bottom of vessel).
TIMRAT Ratio of accident time.to' CPU time.

QDECAY Decay power.

WBRX Flowrate of water through the lower head failure.

DATE: 03/16/90
L
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Table 4 3 (Continued) -F i.e < 4

DESCRIPTION OF BUR FIAT FILES"'

>

a
.( .

,. ,

Seeaa=8 Flat File - Heatun (Def===1e File 962)
i

& Y ;
s

-TIME Time since accident initiation. f'' ''

(' USCOR Steam flow rate' out of the core..
'

,

WH2COR Hydrogen flow rate out of the core. .
MWBYP Mass of water in the core bypass region.
TCORO Temperature of core outlet gases. j

XV(1) Boiled up water level in radial region 1 (ref. to bottom of

core).
XV(2) Beiled up water level in radial region.2 (ref, to bottom of

core)..
XW(3) Boiled up water level in radial region 3 (ref to bottom of

core).
.

XV(4) Boile'd up water level in radial region 4 (ref. to botton'of

core). y,

XV(5) Boiled up water' level in radial region'5-(ref. to bottom of-

core).
T110P Maximum temperature in core.
T15P Average core' temperature.
WECCSS Core spray flow rate..
WECCSI. |ECCS injection flow rate. o-

7,

WSTEV Flow rate of steam through the relief valves. .
,

XMLPCI Net positive succion head at LPCI pump. >

XMLPCS Not positiveisuction head at'LPCS.yhamp..
,

*

,

XHHPCS 'Not positive suction head at'HPCS pump.-
,

,

XHRCIC Net' positive | suction head at RCIC pump.
'

XHHPCI Net positive. suction head at.HPCI pump.
N' PDUUU ' Pressure difference between'drywell'and wetvoll.

VicSTP Volume -of water'in the condensate storage tank' .

.;

h |'

V-

[ DATE:''03/16/90'd t
'

,



t

.

49 BATCH OUTPUT AND FILE INDEX' 'l

e

u

;

Table 4-3 (Continued)

DESCRIPTION OF BWR PlDT FILES

i
,

Fourth Plot Files - Pedestal =ad Uetwell (Default 711e e44)
,

TIME Time since accident initiation.
NFH2WW Mole fraction of H in the watwell.
PWW Pressure in the wetwell,

TFLWW Flame temperature in the watvoll. ,'o

TCVW Temperature of gas in the wetwell. ,

TCMW Temperature of corium in the wetwell.
NF02WW Mole fraction of 0, in the wetwell.
NFC2WW Mole fraction of CO in the watwell.2

!

NFSTWW Mole fraction of steam in the wetwell.
NFCOWW Mole fraction of CO in the wetwell.
MU2WWP Mass of UO in the wetwell. )
PPD Pressure in the pedestal.
TCMPD Temperature of corium in the pedestal.

.

TCPD Temperature of gar in the pedestal
MU2PDP Mass of UOs in the pedestal.
NFH2PD Mole fraction of He in the pedestal.
XCNPDP Concrete ablation thickness in the pedestal. :

MWPDPP Mass of water _in the pedestal.
NWSP Mass of water in the suppression pool.
TWSP Temperature of water in the suppression pool.

.

XSFW Invel of water on the wetwell side of the suppression pool.

XSPDW Invel of water on the drywell si,de of.the suppression poo).
(downconer). ,

TETSP - Temperature of torus shell (Mark I).
THS2P(1) Temperature of gas in torus room (Mark I). ;

THS2(1) Temperature of heat sink #2 (node 1).

t

DATE: 03/16/90 ,
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Table 4-3 (Continued).
.

DESCRIPTION OF BWR FIAT FILES .
'

Fifth Flot File (Continued) H
4,

iJ ;
- c

mCSID Fraction of' Cs1 in the drywell and pedestal.
E FMCSIW Fraction of Cs1 in the wetvoll.,

s FMCSIR Fraction of Cs1 released from containment.
i

p MFPREX(3) Mass of Croup 3 fission products released ex vessel. ,

MFPREX(4)- Mass' of Croup 4 fission products ' released ex vessel.
MFPREX(5) Mass of Group 5 fission products released ex vessel..

,

MFPREX(6) Mass'of Group 6 fission products released ex-vessel. 'i

MFFREX(7) Mass of Group 7 fission products released ex-vessel. .i

'MFPREX(8) Mass.of Group 8 fission products released ex-vessel, f
MFPREX(9) Mass of Group 9. fission products released ex-vessel',
MFPREX(10) Mass of Group 10 fission products released ex-vessel..

.

;

'

MFPREX(11) Mass of Group 11~ fission products released ex vessel. -l

MFPREX(12) Mass of Croup 12 fission products released ex-vessel. :
,

l-
7

<

:. I'

.i

d

..

w g.

[ '' .

. 1
,

.

,

d

t.

:
i

|
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.

&

s
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Table 4.J (Continued)|>
c

a
DESCRIPTION OF BWR PIDT FITE -

4

. .#

(

Savanth Plot File . Mark IYY Oniv (Defmtit Pfle #47) ,

,

"'
TIME Time since accident initiatior. s

NFH2CA Hole traction of Ha~ in compartment' A. 9. .
PCA Pressure in compartment A. ,

TTLCA Flame temperature in compartment A.
TCCA Temperature of gas'its compartment A.
NF02CA~ Mole fraction of Os in compartment A.

"

NFC2CA Hole fraction of CO in compartment A.,

NFSTCA Hole fraction of steam in compartment A. ,

'
HFCOCA Hole fraction.of Co-in compartment A.

,

"

NFH2CB Mole fraction of Hg in compartment B.
PCP Pressure in compariment B.
TTLCB Flame temperature in compartment B.c
TCCB Temperature of Bas in compartment B.
NF02CB Mole fraction of 0, in compartment B..

NHC2CB Mole fraction of.C0 in compartment B.
' "

,

NFSTCB Mole fraction of steam in1 compartment B.. ,

'
'

NFCOCB Mole fraction of C0 in compartment :B- .

MWCBP Mass of water in compartment B..
,

.. .

t
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Table 4 3 (Continued) 3r

,.. . .g
,

O
'

DESCRIPTION OF BWR PIAT FILES

r:
.

A.-fitary Buildine Outnut Film (Continued)
g.

WR89 Same from node 9 to 10.*

URB 10- Same from node.10.
MTOTP1 Fraction. of the fission product group 1 released from'the

primary containment. |'' ,

tMTOTP2 Same for. group 2.

FMTOTP3 Same for group 3. f
[. FMTOTP4 Same for group 4.

LFMTOTP5 Same for group 5. 3

FMTOTP6 Same for group 6.
MSCTP1 Fraction of fission produce group 1 drawn into the SCTS.
MSCTP2 Fraction of fission product group 2 drawn into the SCTS.:

,

FMSCTP3 . Traction of fission product group 3 drawn into' the .SCTS.
FMSGTP4 Fraction of fission product group 4' drawn into the SCTS.
MSCTP5 Fraction of fission product group 5 drawn into the SCTS.- '|
FMSCTP6: Traction of fission product group 6 drawn'into the SCTS. a
FMENVP1 Fraction of fission product group 1 released to the 'e w iron- ]

ment (not through SCTS*). :j

FMENVP2 Fraction'of fission product group 2. released to the. ewiron-.

ment'(not through SCTS*)., ;

FMENVP3 . Fraction of fission product group'3 released'to the e wiron-- .

'

ment (not through SGTS*).. .!
.t

FMENVP4 Fraction'of. fission product group 4 released to the 'e wiron- :
,

ment (not through SCTS*).
'S

, -

.I

.* Note that .the fractional releases'from the SCTS system to the s wironment >:
are obtained by multiplying the fraction of each group drawn into,the SCTS- -|

; system by the assumed filter efficiency.
q

)

-

r
.

.,
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9-APR-1991 16:17
_$ 2 S DUA1 : [ WTOBY . BNL5 ] BNL_S BO . FOMA ; 1 '

,

3

L NUMERICAL'. PERFORMANCE FICURES OF MERIT

TIME.(SEC).... 144002.2 . Qg p.. . . ........

FRACTION OF CIAD REACTED IN VESSEL . 0.2762.

CONCRETE AEROSOL CENERATED (KG) . 528.5. . .

-; Uo2 MASS IN PEDESTAL (KG). 32884.4. . . . . .

UO2 MASS IN DRWELL (KG) 136499.7 |'
. . . . . . .

TIME OF COP 2 UNCOVERY (SEC). 1897.7. . . . .

TIME OF VESSEL FAILURE (SEC) 7764.8. . . . .

TIME OF CONTAINMENT FAILURE (SEC). 85916.2. .

CSI MASS BALANCE (KG)

INITIAL MASS . 33.2155. . ... . . . . .

IN CORE. 0.0000' .. .. . ........
0.5605IN CORIUM. .. . . . . . . . , . .

IN PRIMARY SYSTEM. . . . . . . . . 8.3677
IN CONTAINMENT . 22.0989. ........
TOTAL IN-VESSEL RELEASED , 37.3001. . . .

TOTAL EX-VESSEL RELEASED . 0.3549. . . .

RELEASED FROM CONTAINMENT. 7.1882. . . .

SRO MASS BALANCE (KG)

INITIAL MASS . 103.4367. . ........

IN CORE. 0.0000....... . . . . . .
IN CORIUM, 103.1911... . ........

IN PRIMARY SYSTEM. 0.0621........

IN CONTAINMENT . 0.2029. ........

TOTAL IN-VESSEL RELEASED . 0.0700. . . .

TOTAL EX-VESSEL RELEASED . . 0.1950. . .

RELEASED FROM CONTAINMENT. 0.0000 ;. . . .

FORTRAN STOP
$ delete BNL_SBO_inp.dat;*
$' delete BNL_SBO_ par.dat;*
$1' ('<

.$ nodt "M3300"
$ if " FALSE".egs." FALSE" then logoff/ full

' WTOBY job terminated at 9-APR-1991 10:10:43.43-

Actounting information:

Buffered I/O count: 622 Peak working set size: 1395>

[ Dirset I/O count: I2755 Peak page file size: 4600

Pcge faults: 2176 Mounted volumes: O'

Charged CPU. time: 0 00:00:41.54 Elapsed time: 0 00:51:11.18

d
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$2SDUA1:(UUTOBY.BNL6)BNL_MCSPO.FOM;2 31 MAY-1991 13:34'

,,

NUMERICAL PERFORMANCE FIGURES OF MERIT

-

TIME (SEC) 144002.8 j. ., . . ... . , , . . .

ditSE L
FRACTION OF CLAD REACTED IN VESSEL . 0.2789.

CONCRETE AEROSOL CENERATED (KC). 430.2 g .. . .

UO2 MASS IN PEDESTAL (KG). 32424.2' -

. . . . . .
,

UO2 MASS IN DRYWELL (KC) 136959.6. . . . . . .

TIME OF CORE UNCOVERY (SEC). 1897.7. . . . .

TIME OF VESSEL FAILURE (SEC) 7764.4-. . . . .

TIME OF CONTAINMENT FAILURE (SEC). 93208.0-. .

CSI MASS BAIANCE (KC)
'

INITIAL MASS . 38.2155. ... . . . . . .

IN CORE. 0.0000. . . . . ........

IN CORIUM. 0.5763. . . . ........

IN PRIMARY SYSTEM. .'. 9.0641..... .

IN CONTAINMENT . 22.0491. ........

TOTAL IN-VESSEL RELEASED . 37.3025 -

. . . .

TOTAL EX-VESSEL RELEASED . 0.3365. . . .

RELEASED FROM CONTAINMENT. 6.5257. . . .

SRO MASS BALANCE (KG)
_.

INITIAL MASS . 103.4367. ... . . . . . .

IN CORE. 0.0000. . . . . ........

IN CORIUM. 103.2213.. . . ........

IN PRIMARY SYSTEM. 0.0621. . . . . . . .

IN CONTAINMENT . 0.1742... .. . . . .

TOTAL IN-VESSEL RELEASED . 0.0700. . . .

TOTAL EX-VESSEL RELEASED . 0.1663. . . .

RELEASED FROM CONTAINMENT. 0.0001. . . .

FORTRAN STOP
$ d310te BNL_MCSP0_inp.dat;*
$ d31cte BNL_MCSP0_ par.dat;*
SI
$ nIde "N780"

,

$ if " FALSE".egs." FALSE" then logoff/ full
WUTOBY job terminated at 31-MAY-1991 11:54:00.89

A;crunting information:

Buffered I/O count: 619 Peak working set size: 1288

Dir:ct I/O count: 13076 Peak page file size: 4600,

0 Pcgo faults: 2254 Mounted volumes: O

Cherged CPU time: 0 00:00:45.55 Elapsed time: 0 01:03:02.02

..
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31-MAY-1991 14:33_$ 2 $ DUA1 : [ WTOBY . BNL6 ) BNL_MCS P1. FOM ; l

NUMERICAL, PERFORMANCE FIGURES OF MERIT

L
L .'

h[g 2TIME (SEC) 144015.5. . .. . . ........

FRACTION OF CLAD REACTED IN VESSEL . 0.2737
L CONCRETE AEROSOL CENERATED (KG). 892.4 [v/ ( Q '7" :: [ 0, 6 47 )

.

. . .

UO2 MASS IN PEDESTAL (KC). 31753.0. .. . . .
,

UO2 MASS IN DRYWELL (KC) 137634.1.. ... . .

TIME OF CORE UNCOVERY (SEC). 1897.7. . . . .

TIME OF VESSEL FAILURE (SEC) 7765.4... . .

TIME OF CONTAINMENT FAILURE (SEC). 72673.4. .

CSI MASS BAIANCE (KC)
E

L INITIAL MASS . 38.m SS. . ........

IN CORE. 0.0000. . . .... . .. . . .

IN CORIUM. 0.3288. ... ........

IN PRIMARY SYSTEM. . . . . . .'. . 6.6409
IN CONTAINMENT . 21.7703. ........

TOTAL IN-VESSEL RELEASED . 37.3004. . . .

TOTAL EX-VESSEL RELEASED . 0.5865.. . .

RELEASED FROM CONTAINMENT. 9.4752. . . .

SRO MASS BALANCE (KC)

INITIAL MASS . 103.4367. . ...... . .

IN CORE. 0.0000.. .. . ...... . .

IN CORIUM. 103.1137.. . . ........

IN PRIMARY SYSTEM. 0.0621........

IN CONTAINMENT . 0.2806. ........;.
TOTAL IN-VESSEL RELEASED . 0.0700.. . .

TOTAL EX-VESSEL RELEASED . 0.2728.. . .

1 RELEASED FROM CONTAINMENT. 0.0001. . . .

.

f FORTRAN STOP
.

$ d 10te BNL_MCSPl_inp.dat;*'

$ del:te BNL_MCSPl_ par.dat;*
$1

$ n de "N780"
L. if FALSE".eqs." FALSE" then logoff/ full

'WTOBY job terminated at 31-MAY-1991 14:30:10.80

Accounting information:<

Buffered I/O count: 668 Peak working set size: 1344
Dir ct I/O count: 12179 Peak page file size: 4600
Pega faults: 2140 Hounted volumes: O

Ch".rged CPU time: 0 00:00:44.75 Elapsed time: 0 01:30:09.49
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f:2 NUMERICAL PERFORMANCE FICURES OF . , MERIT
,

,

t-
,.

' TIME |(SEC) . . . 1~. .......:.. 144018.3- '
' Qg 3 .

; FRACTION OF CIAD REACTED IN VESSEL . 0.2627.

'

. CONCRETE AEROSOL CENERATED (KG) . . 615.6 . - =|0oo|?.,. gmQ. :
.

. .

'

i - UO2' MASS:IN PEDESTAL (KC). 29016.2. . . ...

UO2 MASS IN DRYWELL (KG).. . 140400.7. . ...
|,.

4

ol . -
=

1897.7- TIME'0F CORE UNC0VERY (SEC). . . ... ,

o
TIME.0F VESSEL FAILURE.(SEC) 6315.5*' .

. . ...
''

TIME OF CONTAINMENT FAILURE (SEC). 66815.1. .
,- y

CSI MASS BAIANCE (KG) ,

38.2155INITIAL MASS . .......... '

0.0000IN CORE.'. ............
so.4950IN CORIUM.

,,

. ... . ........
IN PRIMARY SYSTEM. 6.7745 ~. .......

#

19.5566' IN CONTAINMENT . ......... '

TOTAL IN-VESSEL RELEASED . -36.3263....

TOTAL-EX-VESSEL RELEASED . '1.3943 , ,

. ...

RELEASED FROM CONTAINMENT. 11.3914- % V :. ...

SRO MASS _ BAIANCE (KC) .

.......... . 103.4367 :n'

INITIAL' MASS .
0.0000INICORE. ..........' . .. '

- IN CORIUM . . .:. . . . . . . . 103.2158.

IN PRIMARY SYSTEM.v. i0.0542'. ... . . . .
.

0.2110:IN CONTAINMENT ,'.'. .......
TOTAL IN VESSEL RELEASED.. 0.0652. . . .

' |0.2001.TOTAL EX-VESSEL RELEASED-. . . , .

RELEASED FROM CONTAINMENT. 'O.0001- 1
*

. . . .

9 j,

,

.

; FORTRAN STOP~
.

.

'

' '

$/deloto:BNL_HT4iinp.dat;*'

:

$ ' daltte'. BNL_HT4_ par.dat;*.
i.;$1

,

>

i -
-

,;+

)
,

, ' $ nide ' -~ ' "M3300" N:.$ if " FALSE".eqs." FALSE" then losoff/ full: ,

WUT0BY job' terminated at 9-APR-1991 09:19i29.83 "l
.

.j
D

iAcM unting information: . .. . . .

<'

% Buffered I/O count:, 655 PeakLworking' set size:- 1421' f
Dir:et I/O count:- 7 3417; Peak'page file size: 4600: i

, '

:1.

,Pego faults:. 2123 ' Mounted volumes: '0? .
<|

,b

;Chtrged-CPU timei 0 00:00:45.88 Elapsed. time: 0 01:06:16.76
'|
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y

9-APR 1991 16:13
_$2$DUA1:(UUTOBY.BNL5]BNL_DWO.FOMA;l i

NUMERICAL PERFORMANCE FIGURES OF MERIT

..

144005.6
CASE 4TIME (SEC) . . . . . . . . ......

'

| FRACTION OF CLAD REACTED IN VESSEL . 0.2872.

CONCRETE AEROSOL GENERATED (KC). 2859.3 -

...

~ 1- ADhi I:.
343.1 4 I

UO2 MASS IN PEDESTAL (KC)." .. ... .

UO2 MASS IN DRYWELL (KG) 169040.2.......

1906.6TIME OF CORE UNCOVERY (SEC). .... .
8021.2TIME OF VESSEL FAILURE (SEC) . 40785.6

.....

TIME OF CONTAINMENT FAILURE (SEC). . .

CSI MASS BAIANCE (KC) .

38.2155 --

INITIAL MASS . ... .......
0.0000IN CORE. . . . .. ... .... .
0.0360IN CORIUM. .~. . . . . .. . .. .

'8.7112IN PRIMARY SYSTEM. . .......
22.6639IN CONTAINMENT . . . .......

TOTAL IN-VESSEL RELEASED . 37.3837
|

... .

' TOTAL.EX-VESSEL RELEASED . 0.7959....

RELEASED FROM CONTAINMENT. 6.8042... .

SRO MASS BAIANCE (KC)
_.

103.4367 ,

INITIAL MASS . i.. .. . . .. . .
0.0000IN CORE. . . . .... .. .. . .

102.8088IN CORIUM. . . ... .......
IN PRIMARY SYSTEM. 0.0562.. .... . .

0.5730IN CONTAINMENT . . . .......

TOTAL IN-VESSEL RELEASED . 0.0617... .

TOTAL EX-VESSEL RELEASED . 0.5795. . ...

RELEASED FROM CONTAINMENT. 0.0120... .

FORTRAN STOP
$. delete BNL_DWO_inp.dat;*
$ delete BNL_DWO_ par.dat;*
$1-
$ node "M3300"
$ if " FALSE" egs." FALSE" then logoff/ full

VUTOBY job terminated at 9-APR-1991 13:06:39.40

Accounting information:
Buffered I/O count: 677 Peak working set size: 1420

Direct I/O count: 12963 Peak page file size: 4600'

2121 Mounted volumes: OPage faults:
Charged CPU time: 0 00:00:46.99 Elapsed time: 0 01:03:54.55
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,

31 MAY-1991 10:12, .,$2$DUA1:[WUTOBY.BNL6]BNL_DW1.FOM;1

NUMERICAL PERFORMANCE FIGURES OF MERIT

' TIME (SEC) 144014.8 .--C&gc-.. . . .. ..........

FRACTION OF CLAD REACTED IN VESSEL . 0.3108.

CONCRETE AEROSOL CENERATED (KG). 2801.0 ggy e g,g. . .

UO2 MASS IN PEDESTAL (KC). 356.6 3
......,

UO2 MASS IN DRYWELL (KC) 169027.4.......

TIME OF CORE UNCOVERY (SEC). 1906.6. . . . .

TIME OF VESSEL FAILURE (SEC) . 7558.2. . . .

TIME OF CONTAINMENT. FAILURE (SEC). 38165.7. .

CSI MASS BALANCE (KC)
e

38.2155INITIAL MASS . ..........
0.0000IN CORE. ' ........... . .

0.0270IN CORIUM. ........... .

IN PRIMARY SYSTEM. . . . . . . ' . . 8.4881
IN CONTAINMENT . 20.6878.........

TOTAL IN-VESSEL RELEASED . 37.3060. . . .

TOTAL EX-VE5SEL RELEASED . 0.8827. . . .

RELEASED FROM CONTAINMENT. 9.0128'
. . . .

SRO MASS BAIANCE (RC)

INITIAL MASS . 103.4367..........

0.0000IN CORE. ........... . .

IN CORIUM. 103.0068. . ..........

IN PRIMARY SYSTEM. 0.0956.. . . . . . .

IN CONTAINMENT . 0.5567.........

TOTAL IN-VESSEL RELEASED . 0.1056. . . .
*

TOTAL EX-VESSEL RELEASED . 0.5642. . . .

L RELEASED FROM-CONTAINMENT. . 0.0175. . .

FORTRAN STOP .
,

''$ d310ce BNL_DW1_inp.dat;*
$ d31ste BNL_DW1_ par.dat;*
$1

.$ node "M3300"
'$.if.* FALSE".eqs." FALSE" then logoff/ full

WUTOBY ' job terminated at 1-MAY-1991 12:52:39.78-

: A;tounting information:
Buffered I/O count: 681. ' Peak working set size: 1282

Direct I/O count: 11963 Peak page file size: 4600
Pcga faults: 2167 Mounted volumes: .

O

Chnrged CPU time: 0 00:00:39.77 Elapsed time: 0 01:11:29.64

!
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, ,,,. , a , r .:. wo e mu,c. - na.<1MC5, i v.. R

,, $ 2 $ DUA1 : [WTOBY . BNL6 ) BNL_ADVF4. FOM ; l 6-JUN.1991 C8 3*.

NUMERICAL PERFORMANCE FIGURES OF MERIT

TIME (SEC) 144017.1. . ..... ... . . . .
L

[I)l.d * 2FRACTION OF CIAD REACTED IN VESSEL . 0.2666 '~d.

CONCRETE AEROSOL CENERATED (EG). 2298.9. . .

Uo2 MASS IN PEDESTAL (KG) . 43457.2 c' I...... .

UO2 MASS IN DRYWELL (KG) . 125921.4......

'

TIME OF CORE UNCOVERY (SEC). . 1908.9. . . .

TIME OF VESSEL FAILURE (SEC) . . . . 7402.8.

TIME OF CONTAINMENT FAILURE (SEC). 42021.8. .

.

CSI MASS BALANCE (KG)

INITIAL MASS . 38.2155....... . . .
IN CORE. 0.0000. ..... .... . . .
IN CDs.IUM. . . . . . . . . . 0.0334. . .

IN PRIMARY SYSTEM. . . . . . . 4.5731. .

IN CONTAINMENr . . . . . . . . . . 11.6522
TOTAL IN-VESSEL RELEASED . 37.2041. . . .

TOTAL EX-VESSEL RELEASED . 0.9780. . . .

RELEASED FROM CONTAINMENT. 21.9565. , . . .

SRO MASS BALANCE (KG)

INITIAL MASS . 103.4367..........
IN CORE. 0.0000. ......... . . .
IN CORIUM. . . . . . . . . . 102.7941. . .

IN PRIMARY SYSTEM. 0.0630
,

........

IN CONTAI!DiENT . . . . . 0.6098.....

TOTAL IN-VESSEL RELEASED . 0.0715 *
. . . .

TOTAL EX VESSEL RELEASED . 0.6058. . . .

RELEASED FROM CONTAINMENT. 0.0045. . . .

FORTRAN STOP
$ delete BNL_ADVF4_inp.dat;*

' $ - d;1cta BNL_ADWF4_ par.dat;*
31
$ n;de "N780"

~S if eFALSE".eqs." FALSE" then logoff/ full
WTOBY job terminated at 5-JUN 1991 19:01:33.44

Atcrunning information:

Buffered I/O count: 669 Peak working set size: 1515
Direct I/O count: 13406 Peak page file size: 4600
Pego faults: 2163 Mounted volumes: O
Charged CPU time: 0 00:00:45.17 Elapsed time: 0 01:57:21.04

:

.
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^ 'ijsidE 0VERALL ENERGY UUDGET FOR DEBRIS
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~

''. ggt.r tsA_.P.AJ_AL FOR EXPLANATIO.N AN_.D. CA.V. EATS)_ _ . , ,, _ , , , _ . , , , , , , _ _ _
. . _ -- -- - .

'--
INTERNAL (DECAY) SOURCE (W) 1.215E+07=

.,
"

CEihi'Ch'L REACTION SOURCE (W) 9.884E+07 . . '
- " ~ - ~ ' ~ ~ ~ ~ ~ ~ - -

=

* llECT LOSS TO CONCRETE (W) 6.497E+07=

HEATUP OF ABLATION PRODUCTS (W) 3.075E+07=

I! EAT LOSS FROM SURFACE (W) 3.139E+06=

(TO SURROUNDINGS)-

CilANGE IN POOL ENTHALPY (W$ - ':.010E+07
(SUMMATION OF M4DlUDT).

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

'CJMERICAL CHECKS ON MASS AND ENERGY CONSERVATION

RELATIVE ERROR IN MASS 9.68781E-13 RELATIVE ERROR IN E=

.it-A ccou. Alt-H help : DIRECT : Capture Off : Prn Off : 6:43:23

'WELCOR DUTPUT B1 F 133 5482 BLKS 91/05/10 LINE 51543 0F 168815
~=> BROWSE

.-- ..- _ . _ - _ - --. .

CORCON VERSION 2.04.(+) ME
_ . _ . . . . - _ . ...

_

'
TIME = 20988.63 CAVITY 0 CAVITY 1 ASSOCIATED WITH USER VD

**** GAS GENERATION *
. . . - . . . _ . . _ . . _ . _ . -. . . _ _ _ . . _ _ _ . . _ _ . _ . . . . . . _ _ _ . . _ .

GAS . EXITING P00,L,_j lNCLUDES_,F,,IL_M,,A.ND, COOLANT,),,,,,,,,, ,,_ , _ _ _ _ ,,, ,,_ _ _ _ , __ ,

GENERATION RATE CUMULATIVE RELEAS
SPECIES MASS (KG/S) MGLES (1/S) MASS (KG) MOLES

..C(G)__ 0.00000E400 0.00000E+00 0.00000E+00 0.0000
CH4 0.00000E+00 0.00000E+00 0.00000E+00 0.0000

_____ . . C 0 8.07225E-01 2.88188E+01 1.00590E+03 3.5911
_. .

CO2 4.10368E-04 9.32447E-03 4.53728E+01 1.0309
C2112 0.00000E+00 0,00000E!00, _, _0.00000E+00.._ 0.0000_ ^

C2il4 0.00000E*00- 0.00000E+00 0.00000E+00 0.0000
, _ , , , _

C2tl6 0.00000E+00 0.00000E+00 0.00000E+00 0.0000
11 0.00000E*00 0.00000E+00 0.00000E+00 0.0000

. 11 2 1,95502E-01 7.22206Et01 2.17344Et02 ._,1.0702
_ ,_,, , ..

H2O 3.41056E-04 1.89316E-02 1.31192E+01 7.2823
ft 0.00000Cs00 0.OOOOOFoon n.00000Ee00 0.0n0

-- _ __ __ _ _ -. ._ __

;
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APPENDIX Dy

Use of the Maximus Methodology for.

Confidence Bound Calculations in Fault Trees--Trial Problem

Introduction

To demonstrate the use of the Maximus Methodology [3] for confidence
bound calculations in fault trees, a dominant accident sequence from the
Interim Reliability Evaluation Pro Analysis of the Arkansas Nuclear
One-Unit 1 Nuclear Power Plant [1] gram:was chosen for analyses. The sequence
chosen was the B(1.2)D C sequence, which denotes a reactor coolant pumpi

seal rupture or a rupture in the RCS piping in the range of .38" to 1.2"
(B(1.2)) followed by failure of the high pressure injection system (D )1
and reactor building spray injection system (C).

The Maximus Methodology was developed for system reliabilities modeled
by block diagrams. Block diagrams are generally not as extensive as fault
tree models for nuclear plant accident sequences. This trial problem was
initiated to answer the question--Can Maximus still be used and if so with
what modifications?

In this paper, the calculation of confidence bounds in several cases
will be considered. The cases illustrate the distinction between data-based
and data-free estimates as outlined in the guidelines [2] for the PRA Methods
Develoment Program. In case 1, the estimates given for each event are treated
as being data-based and recovery is not considered. Case 2 is like case 1 in
the treatment of event data, but the probability of recovery (as subjectively
determined) is added. In case 3, the probability of the accident sequence
is considered as being estimated by both data-based and subjectively-based
estimates with recovery probabilities also considered as subjectively
determined. The consideration of recovery is an explicit. recognition that
even though a particular accident sequence may occur it will not necessarily
lead to core. melt. Human intervention may restore things if done correctly-
and in a timely manner. The recovery action, .however, takes place after the
accident sequence has occurred.

Case 3 reflects the most realistic situation for accident sequences in
that some of the basic event. probability estimates are data based, some are
subjectively determined, and recovery is included. However, the other cases
are worth considering as they may be applied at intermediate steps, and it
is the first case that is comparable to the uncertainty analysis done in
reference 1. For all the cases, the information available was in the form
of point estimates and error' factors, as well as the associations of events
whose probabilities were considered as being estimated f. om the same datar
base. For the example problems considered here, those estimates considered R

as data based are translated into pseudo-data by finding the occurrences in - i

demands (or operating time) that gives the same point ' estimate and gives the
error factor times the point estimate as a 95% upper statistical confidence
bound. If the probability of the event is considered to be subjectively
estimated, the interval 1, u, where . = (point estimate / error factor) and i

u = (point estimate error factor) is taken as the subjective interval

L
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and the point estimate is taken as the nominal value in carrying out the
uncertainty analysis as described in Reference 2. The above procedure of
converting to pseudo-data is not being recommended. It is used here to obtain
" data" for the sake of illustration.

In the accident sequence considered, B(1.2) is the initiating event and
D C represents the hardware and system failures that are modeled in the faultitree. The event B(1.2) has an estimated occurrence rate of .02/ reactor year.

.

For illustration purposes, we will derive the overall uncertainties in each
case by considering the failure rate of B(1.2) as a constant and also consi-
dering it as having been estimated by 2 occurrences in 100 reactor years.

Case 1. All probabilities considered as data based--no recovery

This problem was originally approached by considering the dominant 500
cut sets for the sequence of reference 1. The estimated occurrence rate from
the 500 cut sets is approximately 987, of the estimate that would result
considering the top 1,355 cut sets. The 500 dominant cut sets are comprised
of 135 different basic events. In order to represent 0 C in a series-parallel1
arrangement, the 500 cut sets were examined in a factored form. 'The series-
parallel arrangement derived from this factored form is given in Figure 1.
The numbers inside the boxes are the number of serial basic events that
comprise that segment of the sequence. Although constructed from considering
the dominant 500 cut sets, the system of Figure 1 has 1,289 cut sets. This
is because the representation of the system if block form introduced cut sets
not in the original 500. These additional cdt sets were then verified to be
actual cut sets of the system.

a- ~
,,

/ T
f A - .' '

3 l 'B !
--

( s
i

- -r 4 -
' ?" A

~~~

4
/ \ /\ 6 -

4 * -. -N - ,
. . . . . . -,,,_- -

- ~

_ _ _

-

1
-- - -

_.__
~

B -'-
62 53-

___ "T~ __ . T_,~
__

- -

Figure 1. A series-parallel representation of the -

dominant cut sets of B(1.2)D C. The AI
and B terms are repetitions of the same
group of components with the same structure.
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In Appendix C of reference 1, dominant minimal cut sets in terms of inde-
pendent subtrees were given. The series-parallel arrangement implied by the
configuration given in Appendix C is consistent with that shown in Figure 1,
except that the parallel arrangements of Figure 1 contain single events that
were not included in reference 1. By considering both the independent sub-
trees given in reference 1 and the elements included in the top 500 cut sets,
the representation of Figure 2 is obtained. In Figure 2, each block is one
or more basic events in series and those blocks labeled the same are repeats
of the same chain of events. The blocks labeled P, Q, a, and b represent
events not listed in reference 1 but contained in the top 500 cut sets. As-
the total contribution of these were small and they had very little effect
on the uncertainty calculations, they are left out of the present analysis.

The events contained in each block are enumerated in the Appendix in
Table A2. Those blocks (A through 0) that were derived from reference 1 are
documented by inclusion in the Appendix of the appropriate table from that
reference. Also added to the tables are identifiers for the population type.
Those events whose probabilities are estimated from the same data sources have
the same population type identifier. In order not to double or multiple the
same data in the overall uncertainty estimate, the available data is divided
among those events to which the data apply (see Reference 3). In this example,
pseudo-data are constructed by finding the number of occurrences in time that.
would give the same point estimate and for which the 95% upper confidence
bound equals the point estimate times the error factor. The intent is to
illustrate the analysis with statistical data that correspond, at least roughly,
to the subjective estimates and uncertainty assessments in Reference 1. This
gives rise to the following two equations (for the Poisson-type data, these
are exact; for binomial-type data, these are based on very good approximations):

f/T = P

f

2x (2f + 2; .95) .
= p EF .

2T

Here, x (df; a) denotes the a percentile of the chi-square distribution2

with df degrees of freedom. The values f and T are the pseudo data of f
occurrences in T time (or demands) and p and EF are the given point estimate and
error factor.

By substituting the first equation into the second, the T values cancel
and f is the solution of:

2x (2f + 2; .95)/f = 2 EF .

The solution of the above equation when EF = 3 is f = 2.20 and when EF = 10,
f is .37. The denominator (demand or time) is calculated in each case by
dividing f by the point estimate.
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. events in series. Those blocks labeled _the- same represent the same event.-
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The various population types and derived pseudo-data are given in Table |

A3. Some of the population types have events that have different point
estimates. This situation is taken to reflect the case where a rate A is
estimated for all the events of interest, but the actual rate for a particu-
lar event i is Ati. In the Poisson case, if A is estimated by f occurrences
in T time, then the estimate of At is equivalent to'f occurrences in time
T/t. To handle those population types that had different point estimates
within them, the largest point estimate is taken as the A estimate and smaller
point estimates have associated with them a time factor for adjustment. For
example, consider that two event probabilities, one estimated at 1.1(-3) and
one at 3.3(-3), are considered to be from the same population type. Both
have error factors of 3 so that we take f = 2.2. Using the larger of the
two as reflecting the A to be estimated, we take T = 2.2/3.3(-3) = 667 as
the applicable data. If 3.3(-3) is the estimate for A, then 1.1(-3) must
correspond to an estimate of A/3. Therefore, if we divide the applicable
data between the two events, giving 1.1 failures in 333.3 time units for
estimating each A independently, this is equivalent to using 1.1 failures
in 1,000 time units for estimating A/3. And, thus, the time factor of the
second event would be given as 3. The various factors by which times are
adjusted are given in Table A4 in the Appendix.

The Maximus method for calculating confidence bounds was applied to the .
system of Figure 2. The effective number of tests was calculated and combined
with the total failure estimate to calculate the effective number of failures.
The last parallel arrangement (Branches 11 and IV in Figure 2) was not origi-
nally considered in deriving the effective number of tests because it does
not represent an independent subsystem but rather is included in the system to
represent an additional cut set not present in the parallel-series arrangement.
The effective tests for the two branches (11 and IV) derived from the first
part of the system when combined in a parallel arrangement exceed that origi-
nally calculated for the system. Therefore, this cut set does not affect the

'

effective failure number calculation.
,

Computer Program

There currently exists a Fortran program that calculates effective data
for series-parallel systems given component data and using the Maximus method-
ology. Figure 3 is an example output of this program for the system under
consideration here. The inputs to the program are the system description and
the component data. In this example, each of the components (events) from
the same population type are labeled with the same alphabetic character.
Differences in the numeric value following the alphabetic. character are
needed because of the potentially different test quantities to be assigned in
the unpooling process.

The system equation is recursive, where each set of parentheses encloses
a subsystem which may contain other subsystems. For example, in the system
description of Figure 3, subsystem 1, which is . represented as (1*a2b2c2c2g2jl),
is a series (denoted by the "*") subsystem representing the independent sub-
tree labeled LPI14088-VCC-LF in the ANO analysis. Subsystem 1 is itself an
element of the subsystem labeled 16 in the description. Subsystem 16 combines

-5-



g
i;1 .

*.1

[;..
.

subsystem 1 in series with subsystem 14, which is the subsystem that combines
the parallel arrangement of H+N and 0 of Figure 2.

i From Figure 3, it is seen that the overall effective data are roughly
1.2 failures in 1,430 tests. This analysis does not include the additional
cut sets represented by the parallel arrangement of II with IV appended to
the. system in Figure 2. If we combine those systems from. Figure 3 that make

:
up the added cut sets (subsystems 16 and 3), the ef fective n far exceeds
1,430. Therefore,1,430 is used as the overall system effective test size
and the overall system point estimate of 9.2(-4) gives the effective data of
roughly 1.3 failures in 1,430 tests. The upper 95% confidence limit on the
sequence occurrence rate, based on 1.3 failures in 1,430 tests is 3.7(-3).

If the point estimate divided into the upper 95% bound is taken' to be
the error factor, then the error factor from this data would be 4.0. Contrast
this with the error factor of 3 that is given in the ANO report. However,
note that the lower 95% bound on 1.3 failures in 1,430 tests is given by
8.3(-5) and if the point estimate divided by this lower limit is taken to be
the error factor, then 11 (= 9.2 * .83) would be taken as the error factor.

In the methodology used for the ANO report, the distribution on the top
event would not have a lognormal distribtuion, and, therefore, the error factor
determination could suffer from inconsistencies similar to those discussed
above. It would make more sense to compare the results of these two methods
by looking directly at the uncertainty intervals. Uncertainty intervals from
the AN0 report method are not directly available but from the values given in
Table 8-4 of reference 1, we can infer that the median of the derived distri-
bution was 1.25(-3). With this value and an error factor of 3, the upper
95th percentile must have been approximately 3.75(-3) as compared to 3.7(-3)
derived from the Maximus methodology. Thus, the two methods produce upper
uncertainty bounds that are virtually the same in this particular example.
However, there is a vast difference in the. interpretations from the methods.
By use of the Maximus methodology, statistical confidence bounds are stressed.
That is, one is asking how high the probability of the sequence D C might be1

and still be consistent with the available data on the individual events.
The degree of " consistency" is determined by the confidence level. On the
other hand, a Monte Carlo method such as used in ANO, requires the placement
of distribution functions on each of the individual event probabilities.
These distribution functions do not correspond to anything that we have speci--
fically modeled, and therefore, they reflect an added mathematical level that
is of ten referred to as the " analyst degree-of-b'elief."

The above analysis reflects only the D C portion of the sequence. If

the .02/ reactor year occurrence rate for B(i1.2) is considered as constant,-
then the overall uncertainty analysis would correspond to that of 1.3 failures
in 71,400 reactor years. The lower'and upper 95% bounds are then given by
1.7(-6) and 7.3(-5), respectively.

If the .02/ reactor year rete is considered as coming from 2 occurrences
in 100 years, the effective overall data is .61 occurrences in 33,200 reactor
years (see Reference 3 for combining algorithm) and the lower 95% confidence
limit is 1.9(-7) and thowpper-95%-conf 44ence 44mit 1: 1. S M and the upper
95% confidence limit is 1.2(-4).

-6-
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SUBSYSTEM EQUIVALENT EQUIVALENT NLE OF-
FAILURES TESTS RELIABILITYs,

'A1 1.3678 163.30 0.9916*
''

Mnel l: 0.4837- 14.60 0.9669
^~O 13 0.2489 17.80 0.9860o

HE 14' O.0786 169.72 0.9995
16 3r 1.4428 .163.30 0.9912kJ

.B- 2 0.8107 35.70 0.9773
'

r F 6 0.3735 35.70 0.9895
G 7 0.3699 35.70 0.9896

,

% 8 0.2782 35.70 0.9950-
7 9 0.1760 35.70 0.9951-

17 JEL 1.8718 35.70 0.9476
15 g jpe Qt 0.6608 1426.54 0.9995

C 3 DC 1.1048 131.90 0.9916
D 41 0.8084 33.30 0.9757
K 10 0.2987 59.60 0.9950

r ~ L 11 0.1642 33.30 0.9951
19 3C 1.1006 33.30 0.9660
18 3EfrI 0.4062 1428.38 0.9997

0 1.20G9 ^426.54 0.9992.

.

Current system description is

(0*e 1 ( 15+ ( 16 * ( 1 * a2b2c 2c2g 2j l ) ( 1 d+ ( 12*a5a5a6b4b 4b 4b4 ce2e2e2f 1 f i g5,i 4 j 414 o2p tu t
(13*a7a765b5c3e3e3e3f 294j5j515o3) ) ) (17* (2*alb1deeeeeeeef g191 J1 ou)
(6*ab i c 1 g 1 j ) ( 7+ab 191 J ) (8*a3b 1 J 11 ol) (9*alb l eeej k ) ) ) ( 18+ (3*a8b3c4c4g3j 3)
(19* (4*a9bd ie4e4e4e4e4e4e4 e4f 3gg j212o4u2) (10*a4bj213o5) (11*a9be4e4e4 j 2k) ) ) ) .,

COMPONENT FAILURES TESTS Tes+ fas4er - see T*u M
a 0.3406 103.20
a1 0.1135 103.20 J
a2 - 0.4653 423.00 J >

a3 0.0106 105.60 33
a4 0.0106 105.60 33
a5 0.0317 28.80 J
a6 0.0950 28.80
a7 0.0409 37.20 3-
a8 0.3340 ~303.60 3

'

a9 0.1162 105.60 J
b 'O.1192 59.60 .

bi 0.1114 55.70 /h,
' b2 0.5990 299.50

b3 0.4024 201.20
! b4 0.0348 17.40

b5' O.0726 36.30
c 0.0022 21.80
c1 0.0176 175.70
c2 0.0278 278.10

I c3 0.0027 27.20

Figure 3. Output from Maximus Methr)d Code for B(1.2)D t Sequencej
..
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P'ect:0 rcturn to continuo

.cc 1.0609' 10609.00-

'd 0.1928 35.70

di. 0.1798 33.30
o- 0.0036 35.70
at - 2.1133 21133.00
52 0.0016 16.00
o3 0.0020 20.00
c4 0.0033 33.30
f 2.1672 21671.50
f1 0.0016 15.90
f2 0.0019 19.00
f3' O.0278 277.50
g 0.1365 33.30
g1 0.1464 35.70
g2 0.6695 163.30
93 0.5408 131.90
q4 0.0730 17.80
g5 0.0599 14.60
J 0.1189 118.90
J1 0.6434 643.40

:rcas return to contir.ua
.

~J2 0.1223 122.30
J3 0.4191 419.10
.14 0.0378 37.00
35 0.0500 50.20
k 1.1000 2037.00
1 0.967L 261.50
11 0.4396 261.36 2.L
12 0.5206 140.70
13 0.2394 140.80 2.1
14 0.0167 16.65 31
15 0.0003 20.25 37
o 1.3370 3109.40

'

ol 0.6856 3109.30 1 45
oO 0.0041 18.53 1.15

'
o3 0.0045 22.58 2 15
o4 0.1115 259.20
c5 0.0571 259.20 145
p 2.2000 2200.00
t 0.3680 46.00
u 0.0435 217.40 3

>rces return to continue

ul 0.0036 18.00 3
u2 0.3229 179.40

|~ 2.1990 733.00v

figure 3 (Continued)
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The data for each of the components (events) in Figure 3 result from the
unpooling process. The algorithm used for unpooling is presented in the '

~ Appendix.

Case 2. Recovery Added-

,

Some of the failure events in D C can be " recovered," or corrected, thus
i

'preventing the sequence from progressing to core melt. Thus, it is more
" realistic" to incorporate recovery events and their probabilities into the
model s.

Of more interest than whether a given sequence, such as B(1.2)0 C' occurs.1,
is the case that it occurs and is not recovered from, thus leading to a severe
consequence such as core melt. Case 2 considers the event.of the accident
sequence occurring and no recovery taking place. In probabilistic notation,
the parameter of interest is written as follows: -

Pr(B(1.2)D C and no recovery) = Pr(no recoverylB(1.2)D C) * Pr(B(1.2)D C) ,i i i

where Pr(AlB) denotes the conditional probability of A when B is known to
have occurred. For uncertainty analysis, if Pr(no recoverylB(1.2)D C) wasi
considered to be a known constant, then the effective number of tests (or
effective time) derived for the uncertainty analysis of Pr(B(1,2)D C) wouldi
be divided by the value of Pr(no recoverylB(1.2)D C) to.give the effectivei

test size for the estimate of Pr(B(1.2)D C and no recovery). Because esti-i
mated recovery probabilities will most likely be subjective in nature (i.e.,
not directly data based) and the uncertainty in recovery factors will be
treated by an interval analysis, Pr(no recoverylB(1.2)D C) is treated asi
being constant. Its value is calculated by the ratio, Pr(B(1.2)D C andi
no recovery)/Pr(B(1.2)D C). '

i

The conditional probability of no-recovery for B(1.2)D C in referencei

1 was calculated to be .22. This value was arrived at by calculating the'
probability of nonrecovery for each subtree and then taking the probability
of nonrecovery for a cut set to be the minimum probability of nonrecovery.
amongst the subtrees represented in.the cut set. .This is the procedure
that would be followed on the original fault t,ee instead of on the; cut sets
from the independent subtrees.

Using the value of .22 for the probability of nonrecovery and th'e effec-
tive data of 1.31 failures in 1,430 tests from case 1, we get that the uncer-
tainty bounds for the estimate of D C, considering recovery would be basedi

on 1.31 failures in 1430/.22 - 6500 tests. If the initiating. event' rate is
included in the analysis as having a value of' .02, then the uncertainty bounds
are based on 1.3 failures in 324,000 reactor years. In this case, the lower
and upper 95% confidence. bounds are given by 3.7(-7) and 1.6(-5), respectively.

If the initiating event rate is considered as 2 occurrences in 100 reactor
years, then the uncertainty bounds are based on .61 failures in 151,000 reactor

-9-
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years and the confidence limits are given by 4.1(-8) for the lower 95% limit
and 2.7(-5) for the upper 95% confidence limit.

The recovery model is such that for any given minimal cut set the proba-
bility of nonrecovery is the minimum of the prob _ abilities of nonrecovery
amongst the individual terms of the cut set. For the D C sequence, asi

approximated by the system of Figure 2, the nonrecovery for subtrees A, C,
and E are 1. Therefore, a very good approximation to the probability of D Ci
including recovery is obtained by modeling each of the basic events of sub-
systems III and V from Figure 2 as a parallel arrangement of the basic event
with the event of no recovery for that basic event.- The uncertainty analysis
in this case is easily accomplished by altering the test quantities for those
events in III and V by dividing the old test quantities by the probability
of nonrecovery for that event. This was done with the' data in Figure 3.
The effective test quantity for the parallei arrangement of II with III
(from Figure 2) was 7690 and that from the parallel arrangement of IV with V
was 5790. These were derived without re-unpooling the data for the new
system. If the unpooling algorithm was followed specific to the new model,
the effective test quantity would be greater than 5790 but less than 7690.
The suggested method that gives an effective test quantity of 6500 is roughly
in the range that would be obtained if the Maximus methodology was rerun for
the parallel-series system discussed above that closely approximates the
model with recovery.

Case 3. Overall uncertainty analysis amongst subjective- and data-based
estimates

Cases 1 and 2 provide the bases for calculating uncertainty intervals '

when some of the estimates are subjective and some are data based. In this
section, they are combined to demonstrate a complete analysis using the Maximus
methodology combined with other features of the guidelines (Reference 2). For
this example, five of the population types from the _ analysis of case 1 were
chosen randomly to be considered as subjective estimates. The data types
chonn to be subjective were those labeled a, f, j, -,, and o in r ble A3.a

The set up and recommended display for uncertainty analysis contained in
the Guidelines (Reference 2) is briefly reviewed.' Assume the parameter of
interest, Prob (B(1.2)D C and no recovery), is expressed as a function, f(0, w),i
where w is a vector of parameters subjectively estimated and 0 is a vector of
parameters for which data are available for estimation purposes. In.the present
example, w contains not only the parameters from population types labeled a,

,

f, j,1, end o, but also all recovery factors.

Mt define og(w) and n (w) to be the lower and upper 95% statistical confi- '

u
dence limits based on 0 evalliated at a specific w. With this notation, the

-

quantities of interest for an uncertainty display are the overall extremes,

L = min nt(w) , U = max n id) >u
w e

-11-
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the differences in point estimates over the range of subjectively determined
estimates,

min fl e*, w) and max f( e*, w) ,
_

w w

where 0* represents the point estimates from the data. Also of interest
_

are the data uncertainty interval at the nominal subjective points,

nt(#) and n (2*I ,u

,

and, of course, the overall nominal assessment, f( 0*, #).
_

The basis for calculating the lower and upper bounds using the Maximus
methodology has been given in cases 1 and 2. For the purposes of-this example,
the probability of nonrecovery f actors (n) are taken to range over (n/2, 2 n)
unless 2n > 1 in which case the upper limit is 1. The other subjectively
determined types are assumed to range over (p/EF, p EF), where p is the
nominal point estimate and EF is the error factor given for that. population
type. The recovery factors are given in Table A2, taken from the ANO report
(Reference 1).

Since f(e, w) is an increasing function with respect to each component
--of the vector w, the minimum and maximum of f(e*, w) is easily calculated

by substituting the minimums for all the compo7ients of w. Thus, all the
events of types a f, j, 2, and o are evaluated at thei~ point estimate
divided by the error factor and all the probabilities of nonrecovery are-
halved. For example, consider the subtree labeled A. Subtree A has 6 events
(See Table A2) of which the events LPI6164-B00-LF and 6164B-CBL-LF are consi-
dered as subjectively determined, and, therefore, lower estimates for them
are taken to.be-(1E-3)/3 and (1.1E-3)/3. The-lower estimate for subtree A
then becomes-7.0(-3). The probability of nonrecovery is taken to be .5 for
the lower bound analysis since the original probability of nonrecovery was
taken to be 1 (see footnote in. Table A2).

,

When the Maximus methodology is applied in order to calculate min ng(w) ,-

the approach of cases 1 and 2 are used where the subjectively determTned esti-
mates have been evaluated at their lower points. Thus, subtree A would be
modeled as having 4 events for which data are available, but the point estimate

"for the subtree would be taken to-be 7(-3)', thus reflecting' the impact of the
subjectively determined estimates. This can be done because the.Lindstrom-
Madden method for determining effective test quantities depends only on the- i

number of tests in the components. The_ effective failures is then' determined
by the point estimate times the effective test quantity.

-12-
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Table 1 presents the results of such an analysis. These results are
also graphically presented in Figure 4. It is worthwhile here to discuss
the interpretation of the display in Figure 4. The nominal point estimate
is represented by the slash in the box. The overall uncertainty (allowing
the subjectively based paramaeter estimates to be anywhere in their range,
combined with 95% statistical confidence bounds on the data-based estimates)
is represented by the end marks. If the uncertainty surrounding the data-based
estimates were eliminated, the total uncertainty. interval would shrink down
to the endpoints of @e box. If the ranges (uncertainty) around the sub,lec-
tively determined estimates were eliminated, leaving only the data-based
uncertainty, the interval would be given by the "*s".

The incorporation of the estimate for the initiating. rate in the uncer-
tainty analysis is just as it was in the previous cases. Table 2 and Figure 5
reflect the total uncertainty on the estimate of the occurrence rate for
B(1.2)D C including recovery.I

Summary

The purpose of this exercise was to demonstrate the feasibility of using
the Maximus methodology for calculating statistical confidence bounds for
fault tree sequences. The analysis was done incorporating all the f actors
that will be present in applying the methodology to the La.Salle PRA. .These
factors include a mixture of subjectively-based and data-based estimates and
recovery factors, including uncertainty in the recovery factors. When compared
to the uncertainty interval generated by placing distributions on all parameters
and performing- a Monte Carlo analysis, the Maximus methodology produced an
upper 95% confidence limit that was in the same range (perhaps a little smaller).
An exact comparison is difficult because of the practice of converting uncer-
tainty analysis results to error factors.

In the process of applying the Maximus methodology, an algorithm was
developed for the unpooling of data used to estimate several parameters. The-
unpooling of the data is accomplished in a manner as not to be overly conserva-
tive. The algorithm is presented in the appendix. .The existing Maximus code ,

was altered during this exercise so there would be no absolute constraints on
the size of the system or the number of components (units) that could be input .?

to the Maximus method program.

The Maximus methodology applies to parallel-series configurations. For
systems that are more general than parallel-series, the Maximus methodology -
can be used with some modifications. However, the closer the configuration
from the fault tree is to a parallel-series arrangment, the easier it is
to implement the Maximus method. For this reason, the expression of the
sequences in . terms of independent subtrees greatly f acilitates the
implementation.

!
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Table 1. Combination of Subjective-' >

and Data-Based Uncertainties
for Estimate of Probability of D Ci

,

Without Recovery Prob. of Nonrecovery With Recovery-

Nominal point 9.2(-4) .22 '2.0(-4)

min f( e*, w) 6.1(-4) .14 8.5(-5)
-., __

'

max f(e.*, w) 2.3(-3) .22 5.2(.4)_ ,,

ng(w*) 8.3(-5) .22 1.8(-5)
n ( w* ) 3.7(-3) .22 8.1(-4)u

based on 1.3 failures / 1.3 failures /.
1420 tests 6450 tests

L 3.5(-5) .14 4.8(-6)
based on 1.04 failures / 1.04 failures /

1690' tests 12200 tests

U 6.9(-3) .22 :1.5(-3)
based on 2.3 failures / '2.3' failures /'

980 tests. 4450 tests'
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APPENDIXs

Data
,

t

Table Al 11 representation of B(1.2)D C in terms of independent subtreesi
that is given in reference 1. The subtrees are labeled A-0 to correspond with
the labeling in this paper. Table A2 contains the individual elements that
comprise the independent subtrees. Added to the tables are small letter
designators (e.g., a, b, v, etc.) for population types. Thus, all events -
labeled a are considered to be estimated from the same data. In Table A3,,

the population types. are enumerated, with the assumed data also given. .

Those population types marked with **' in Table A3 contain events with
different point estimates. A listing of the different point estimates and
the resulting T factors are given in Table A4. The T factor; are necessary
to adjust the equivalent test quantity in the unpooling process. For example,
the 206 tests on population type u would be used to estimate a , but in

two cases, the parameter applied in the model is /9. When the 206 tests
are apportioned between the occurrence of A and the two occurrences of A/9,
those quantities used for estimating A/9 are increased by a factor of 9.
This adjustment properly accounts for the data being used to estimate A/9
rather than A.

i
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Table Al. LOCA Accident Sequence Cut Sets .or B(1.2)D)C l

1

1

Initiating Event: B(1.2) Initiating Event Frequency: .02/yr .)
' ' B(1.2)D C (Sequence 26 on B(1.2) Event Tree Fiture A-1) -

Sequence Identifiers 1

Total Sequence B(1.2)'6 TC1

Unavailability Frequency

Sequence (without recovery) 1.E-3 2.E-5/yr
Sequence (with recovery) 2.2E-4 '4.4E-6

.

Unavailability Probability Unavailability
Dominant Minimal Cut Sets w/o Recovery of Non-Recovery -w/ Recovery

;

( M LP11408B-VCC-LF*LF-SWS-VCH4B(6)1.9E-4 .01 1.9E-6

(C) LPI1407A-VCC-LF*LF-SWS-VCH4A (D)1.9E-4 .01 1.9E-6

(E) LF-tv1-L25 IE-4 1. ~ 1E-4

(4)LPI14088-VCC-LF*LF-SWS-514 (F) 8.2E-5 .01 8.2E-7.

- ( A) LPI1408B-VCC-LF*LF-SWS-SS (6 ) 8.2E-5 .01 8.2E-7

(C) LP11407A-VCC-LF *LP11408B-VCC-LF(A) 6.7E-5 1. 6.7E-5 '

(4) LP11408B-VCC-LF *LF-SWS-S2(I) 4.1E-5 .05 2.1E-6

.(A)LPI14088-VCC-LF*LF-ECS-R00H100(J) 4.1E-5 .01 4.1E-7

.- (C) LP11407 A-i/CC-LF *LF-SW S-S 1 (X )4.1E-5 4 1.6E-5
(,C)LP 11407A-VCC-LF *LF-EC S-ROOM 99 (L ) 4.'1E-5 .01 '4.1E-7

~

. (M4N) (LF-RBI-Bl+LF-RBI-B9) *LF-HPI-H14(0)

*LF-SWS-VCH4B(B)1.1E-5 .01 l' . i E-7 -

c

.

I

,

e

I'
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Table A2

- Pipe (or-Wire) Segment Local Fault:. LPI14085-VCC-LP (A) Systan: tow Pre..ute

Szquence Considered: All denoting D , D , D , or C Critical Time: 15 minutes *3 2 1

Usavailab111ty w/o Recovery: -8.4E-3 Unavailability w/ Recovery: 1.9E-3

Probability of Non-Recovery: 0.23

Sub-Event Name Is it Location of
,(Sce Appendix B)- Recoverablet Recovery Action q, w/o Rec. P(NR) q, w/ Rec. Comments

LPI14088-VCC-LF Y Local j 4.1E-3 .25 1.1E-3 4E-3 recover- e-

able. IE-4
is not,

..- LP16164-500-LF Y Local j 1E-3 .25 2.5E-4
5

'LPI6164-B00-CC Y Control Room b 2E-3 .1 2E-4
'

61645-CBL-LF Y Local m. 1.1E-3 .25 2.8E-4
_

-

A-LPI-5 .E E -

-- -- --

A-LPI-7- C E--
- --

ESFU207-UCT-T.F Y Control Room c IE-4 .1 1E-5
.

ESFU232-UCT-LF Y~ Control Room C IE-4 .1 1E-5 .

*Fo r D3 and D , thet

critical-time Is <5- i

min-~; :and . P(NR) - f or.
.

these ts 1.0. . Loss
of.a'uction to'the

.
- IIP: pumps will f ait ' t

~

them is'less than- ~

5~-minutes.:

' & . - - -

"

-
-

-
- - - a-
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Table A2 -

(Continued)

(8) System: Emergency CoolingPipe (or Wire) Segrsent Local Fault: LF-SWS-VCH4B

S;quence Considered: All denoting fault Critical Time: > 70 minutes

Unavailability ;/o Recovery: 2.3E-2 Unavailability w/ Recovery: 2.3E-4

Probability of Non-Recovery: 0.01

Sub-Event Name Is it Location of
(See Appendix B) Recoverable? Recevery Action q, w/o Rec. F(NR) q, w/ Rec. Comments

ECSCH4BA-CWV-LF Y Local / 3.7E-3 .01 .3.7E-5 Foe all, recovery

5254A-CBL-LF Y Local o. 1.1E-3 .01 1.1E-5 action is to
'

ECS5254A-B00-LF Y Local j IE-3 .01 LE-5 manually start.
;ro

7 ECS5254A-B00-CC Y tocal b 2E-3 .01 2E-5 portable fans.

ECSS254A-B-AASF Y Local d 5.4E-3 .01 5.4E-5
A-ECS-2 Y Local O 4.3E-#8/ .01 4.3E-&6
A-ECS-15 C E- -- -

SWS608BX-XOC-LF Y Local 6 1E-4 .0L IE-6

SWS3900X-XOC-LF Y Local d IE-4 .01 1E-6 !

SUS 606BI-XOC-LF Y Local C IE-4 .01 1E-6 !

SWS3902X-XOC-LF Y Local 6. IE-4 .01 IE-6

ECS602BX-XOC-LF Y. Local E 1E-4 .01 IE-6

ECS604BX-khC-LF Y Local d IE-4 .01 1E-6

ECS601BX-XOC-LF Y Local f IE-4 .01 IE-6

ECS6036A-DPC-LF Y Local J 4.1E-2 .01 4.1E-5
Ec 5& *154 - B PC- LF q.It-3

3ECS600BX-X0C-LF Y Local e IE-4 .01 IE-6

R-HCP-VCH4B-2 Y Local t4. 2E-4 .01 2E-6

ECS200BX-XOC-LF- Y Local e IE-4 .01 IE-6
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Table A2 : ?"

- (Continued) ,
cy

"

x

Pipe (or Wire) . Segment Local Fault: LPI1407A-VCC-LF (C) System: -Low Pressure ~4 - -a

Ssquence Considered: . All denoting D , D , D , or C . Critical Time: 15 minutes *
-

3 2 i
-a

: Unavailability w/o Recovery: -8.4E-3 Unavailability w/ Recovery: 1.9E-3
.

Probability of Non-Recovery: 0.23

i
Sub-Event Name -Is it Location of '

-(See Appendix:B) Recoverable? Recovery Action q, w/o Rec. P(NR): q, w/ Rec. Comments 1

.LPI1407A-VCC-LF- Y. Local. g 4.1E-3 .25 1.1E-3 4E-3 recover--
able. 1E-4
is not,

N

N -LPI5164A-B00-LF Y Local IE-3 .25 2.5E-4
7

~

LPI5164A-B004 ) Y Control Room b 2E-3 .1 2E-4

5164A-CBL-LF Y LLocal a. 1.1E-3 .25 ~2.8E-4.

,

E'A-LPL-14-

-- - (~

A-LPI-12 6-- -- -

ESFU106-UCT-LF-- Y Control Room .c _1E-4 .1- 1E-5

'ESFU132-UCT-LF Y . Control Room C. IE-4 .1 ~IE-5-
*For D ' and D ,3 t

the'tritical
itime'is <5 min,.

-and the P(NR)
< for;them is'1.0.

, _. Loss-of.suctton ~

to the HP pumps --

- will fall them -

~'

in less(thanL '~
m - 75-minutes.

_
_

,y-
-

_

- : r

.
'

,. g
- 'c

,
* ~ ,. .];-

'

'N .

, 5 -,

,_:__--_---_ - _- : L'!b n N---'~- - - - ~ ~ ~ ' = ' ' 'N~^~~ '-- * ^ * ' - '~ ' ' ' --~-' ~:- L-
^
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Table A2 *

(Continued)

Pipe (or Wire) Segment Local Fault: LF-SWS-VCII4A (D) System: Emergency Cooling.

SIquence Considered: All denoting fault Critical Time: > 70 minutes
Un vailability w/o Recovery: 2.5E-2 Unavailability w/ Recovery: 2.5E-4

Probability of Non-Recovery: 0.01

Sub-Event Name is it Location of
(See Appendix B) Recoverable? Recovery Action q, w/o Rec. P(NR) q, w/ Rec. Comments

ECScil4AB-CVU-LF Y Local- d 3.7E-3 .01 3.7E-5 For all, recovery
6254B-CBL-LF Y Local A 1.1E-3 .01 1.1E-5 action is to
ECS6254B-B-AASF Y Local d 5.4E-3 .01 5.4E-5 manually start

g' IE-34 ECS6254B-B00-LF Y Local .01 -IE-5 portable fans.
Y ECS62548-B00-CC Y Local b 2E-3 .01 2E-5

A-ECS-3 Y Local o 4.3E-4 .01 4.3E-6
R-HCP-VCH4A-3 Y Local SA 1.8E-3 .01 1.8E-5
ECS602AX-XOC-F Y Local C IE-4 .01 1E-6
ECS604AX-CCC-LF Y Local f IE-4 .01 1E-6
ECS601AX-XOC-LF Y Local C. IE-4 .01 1E-6
ECS60348-DPC-LF Y Local j 4.1E-3 .01 4.1E-5
A-ECS-14 E- -- E-

ECS600AX-XOC-LF Y Local C IE-4 .01 IE-6
ECS6034B- PC-LF Y- Local j 4.1E-3 .01 4.1E-5
ECS200AI-X0C-LF Y Local d 1E-4 .01 1E-6
SWS608AX-iOC-LF- .Y Local 6 1E-4 .01 1E-6
sus 3903X-30C-LF -Y Local 6, IE-4 .01 1E-6
SWS606AX-MOC-LF Y Local C IE-4 - . 01 1E-6
Sus 3905X -XOC-LF Y Local C. IE-4 .01 1E-6

,

- - _ _ _ . _ _ _ . - - -
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Table A2 .

(Continued)

(f5) System: Low PressurePipe (or Wire) Segment Local Fault: LF-LP1-L25

S:quence Considered: All denoting D , D , D , or C Critical Time: 15 minutest 2 3

Unavailability w/o Recovery: 1E-4 Upavailability w/ Recovery: 1E-4

Probability of Non-Recovery: 1

Sub-Event Name Is it Location of
(See Appendix B) Recoverable? Recovery Action q, w/o Rec. P(NR) q, w/ Rec. Comments

_

LPIOBW1X-XOC-LF N -- 8 IE-4 1 1E-4

.

S

e

"
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Table A2
~

'

(Continued) -

.

a

(F) System: Service WaterPipe (or Wire) Segment Local Fault: LF-SWS-S14

S;quence Considered: All LOSP Critical Time: 30 min

Un vailability w/o Recovery: 1E-2 Unavailability w/ Recovery: 9.3E-4

Probability of Non-Recovery: 0.09

Sub-Event Name Is it Location of
'(See Appendix B) Recoverable? Recovery Action q, w/o Rec. P(NR) q, w/ Rec. Comments

SWS3820A-V00-LF Y Local 3 4E-3 .1 4E-4

- 5181A-CBL-LF Y Local o. 3.3E-3 .1 3.3E-4

j 1E-3 .1 1E-4SVS-5181A-B00-LF Y Local

SWS-5181A-B00-CC Y Control Room h 2E-3 .05 IE-4

ESFU113-UCT-LF Y Control Room C- IE-4 .05 SE-6

)$

' /) # |.

T4)
r i f -* )

. r$ t > /
/*

.[,il ( "I

{ *)
;P

4 _ _ . . . _ ,
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Table A2
.

;q
~

.

(Continued)
_ we ~-~

- _ =y

(6) System: . Service Water >' Pipa (or Wire) Segment Local Fault: LF-SWS-55

S;quence Considered: All LOSP Critical Time: .30 min

Unnvailability;w/o Recovery: - 1E-2 Unavailability w/ Recovery:- 9.3E-4x

~

Probability of Non-Recovery:. 0.09
.

,

-Sub-Event Name - Is it Location of
-(See Appendix B) Recoverable? Recovery Action q, w/o Rec. P(NR) q, w/ Rec. Comments

SWS3643A-VOO-LF Y Local j 4E-3 .1 4E-4-
~

.;
c1

,7 5053A-CBL-LF Y Local a.-3.3g-3 .1 3.3g-4
,

7 "n
h IE-3

c
.1 1E-4SWS5653A-BOO-LF Y- Local*

-SWS5653A-B00-CC :Y Control Room b 2E-3 .05 1E-4 . j

A-SWS-14 EC- -- -

,

. , .

6

4

v

T

_.
-

%.A a

4
" .- "

= *

' ' ~ .: - -.-- r

...sa' .s-
_

i-.
'

- _ . u -,d- , ,-1m a a, . - r -, n c , , _ ' . ,
-
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Table A2
(Continued)

,

LF-SUS-S2(~1) System: Service WaterPipe (or Wire) Segment Local Fault:
.

Sequence Considered: All LOSP Critical Time: 30 minutes

Unavailability w/o Recovery: SE-3 Unavailability w/ Recovery: 4.6E-4

Probabliity of Non-Recovery: 0.09

Sub-Event Name Is it Location of

.
(See Appendix B) Recoverable? Recovery Action q , w /o Rec . P(NR) q, w/ Rec. Com:nent s

--- - EESWS001BX-COC-LF -- --

E-- --- C ---

SWS002BX-COC-LF
d)
7 A-SWS-3 N - o 2.2E-4 1 2.2E-4

SWSOP4BA-FMD-LF Y Control Room / 1.7E-3 .05 8.5E-5 Start standby pump
is recovery action

0303-CBL-LF Y Control Room A 1E-4 .05 SE-6

g' IE-3 .05 SE-5SWS0303A-B00-LF Y Control Room

SUSO303A-B00-CC Y Control Room b 2E-3 .05 IE-4

'
e ..
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Table A2
~

..

(Continued)
'

.

Pipe (or Wire) Segment Local Fault: LF-ECS-ROOM 100(7) System: Emergency Cooling ---

Sequence Considered: All denoting fault Critical Times ' > 70 minutes
.

Unavailability v/o Recovery:. 4.9E-3 Unavailability w/ Recovery: 4.9E-5i

'

Probability of Non-Recovery:- 0.01

Sub-Event Name Is.it Location of
.(See' Appendix B)- Recoverable? Recovery Action q, w/o Rec. P(NR) 'q, w/-Rer.. Commentst'

ECSVC2BA-FAN-LF Y Local k 5.4E-4 .01 5.4E-6 For all, recovery,
'

E . action is'to

T- 5246A-CBL-LF Y Local- a. 1.1E-3 .01 1.1E-5 manually start
portable fans.

,

.01 1E-5ECS5246A-500-LF -Y : Local .j.1E-3
,.

| ECS5246A-B00-CC ~Y Local' b 2E-3 .01 2E-5

E--~ EA-ECS-11 ---

~

ECSC41BX-XOC-LF Y- -Local C. 1E-4 .01 1E-6
.

ECSC44BX-XOC-LF' Y - 1 Local C.'IE-4 .01 1E-6

ECSC45BX-XOC-LF Y Local f,IE-4- .01 1E-6~
.

.

. .

_ _' * "'

.

w"- *

:. . . . _ _ , - '

,
O ' . ' # "

'
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Table A2
.

-(Continued)
~~

_.

Pipe -(or Wire) Segment Local Fault: LF-SWS-S1 (K) System: Service Water

52quence Considered: All LOSP. Critical Time: 30 minutes

. Unavailability w/o Recovery: 1-SE-3 Unavailability v/ Recovery: 2.2E-3

-- Probability of Non-Recovery: 0.44
<

.Sub-Event Name Is it Location of
-(See Appendix B) Recoverable?' Recovery Action q, w/o Rec. P(NR) q, w/ Rec. Comments

'SWS001CK-COC-LF
'

C E- -- -

t

N.:

- y - SWS002CK-COC-LF E E-- --- -.,

.A-SWS-1 N o 2.2E-4 1 2.2E-4

/ 1.7E-3 1 1.7E-3SWSOP4CB-FMD-LF. N -

0402-CBL-LF :N a- IE-4- 1 1E-4
~

SWSO4028-BOO-LF~ Y: Local j 1E-3' .1 IE-4

SWSO4025-BOO-CC .Y. Control Room: 1.2E-3- .05 1E-4

,.
,

--e.

m

._

,.

-

,.a .v- - - p - .,e,,
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-Table A2 ;-

'
.

>

Failure Probabilities, With Recovery, of Support System Faults

Pipe-(or Wire) Segment Local Fault: II-ECS-ROOM 99(L) System: Emergency Cooling

Sequence-Considered: All denoting fault Critical Time: > 70 minutes

Unavailability w/o Recovery: 4.9E-3' Unavailability w/ Recovery: 4.9E-5

Probability of Non-Recovery: 0.01 1

'

8

Sub-Event Name is it Location of
'(See Appendix B) Recoverable? . Recovery Action q, w/o Rec. P(NR) q, w/ Rec.- Comments ~.

ECSC2DB-FAN-LF- ~ Y Local- K 5.4E-4 .01 '5.4E-6 All subfaults
are recoverable !e

U 62468-CBL-LF Y Local o. 1.1E-3 .01 1.1E-5 'by the use of
'

j_IE-3ECS6246B-500-LF Y Local . .01 1E-5

-ECS62468-800-CC Y Local b 2E-3 .01 2E-5
~

- A-ECS-8
~

E E- -

ECSC41DX-XOC-LF Y ' Local E 1E-4' .01 1E-6
.

. - q
ECSC44DX-XOC-LF Y Local C .1E-4 .01 1E-6 '

i

ECSC4SDX-XOC-LF Y ~ Local d -IE-4 .01 1E-6-
*

.
.

.

''

.

- -

-
I
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Table A2

(Continued)

Pipe (or Wire) Segment Local Fault: LF-RBI-B1 + LF-RBI-B9 System: Reactor Building Injection / Recirculation

'(M +N)
Sequence Considered: All denoting C or F Critical Time: 70 minutes

Unavailability w/o Recovery: 3.4E-2 Unavailability w/ Recovery: ' 4.1E-3

Probability of Non-Recovery: 0.12

Sub-Event Name is it Location of
(See Appendix B) Recoverable? Recovery Action q, w/o Rec. P(NR) q, w/ Rec. Comments

4.1E-3 .1 5E-4 Crit Time = 30 min,2400B-VCC-LF Y Local j
4E-3 recoverable,
IE-4 is not

6171X-CBL-LF Y Local a 3.3E-3 .1 3.3E-4

*

6171X-300-LF Y Local g IE-3 .1 1E-4

6171X-300-CC Y Control Room b 2E-3 .05 IE-4

E -- EA-RBI-5 - --

.

A-1104.05-0 Y tocal f IE-3 .03 3E-5

. . . _ ~ - - - . _ .
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Table A2

(Continued)

Pipe (or Wire) Segment Local Fault: LF-RBI-B1 + LF-RBI-B9 (Cont.) System:
(N\4M)

Sequence Considered: Critical Time:

Unavailability w/o Recovery: Unavailability v/ Recovery:

Probability of Non-Recovery:

Sub-Event Name Is it Location of
(See Appendix B) Recoverable? Recovery Action q, w/o Rec. P(NR) q, w/ Rec. Comments

II IE-4 1 1E-4BS48X-CCC-LF N --

f IE-4 1 IE-4BW6BX-CCC-LF N --
,

0
' A-RBI-l - N o 2.2E-4 1 2.2E-4--

BSIBX-XOC-LF N C IE-4 1 1E-4--

BW5BX-XOC-LF N E. IE-4 1 IE-4--

0404X-CBL-LF N a. 1.lE-3 1 1.1E-3--

00358-FMD-LF N -- d~IE-3 1 1E-3

021BX-XOC-LF N -- E lE-4 1 1E-4

3805B-NCC-LP Y Local V 3E-3 .01 3E-5 Crit Time > 70 min

.

.

<
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Table A2

,

. (Continued)

Pipe (or Wire). Segment Local Fault: LF-RBI-B1 + LF-RBI-B9 (Cont.) System:

(M+MSrquence Considered:. Critical Time:

Unavailability w/o-Recovery: Unavailability w/ Recovery:

Frobability of Non-Recovery:

.

Sub-Event Name -Is it Location of
- (See Appendix B) Recoverable? Recovery Action q, w/o Rec. P(NR) q, w/ Rec. Comments ,

38055-NCC-CC Y Control Room b 2E-3 .01 2E-5 Crit Time > 70 min
.g.

j-1E-3Y- . 0404B-B00-LF- Y Local .03 3E-5

0404B-300-CC- .Y Control Room b 2E-3 .01 2E-5
_

.U239-UCT-LF Y - Control Room C IE-4 .01 lE-6
'

R-HCP-0218-8- Y Local LA. 2E-4 .01 2E-6 Crit Time > 70 min

R-110405-5-218- Y Local t 8E-3- .01 8E-5 Crit Time > 70 min

28325-CBL-LF. Y' Local' -e. 1.1E-3 .03 3.3E-5

SWS2B32B-B00-CC- Y' Control Room h 2E-3 .01 2E-5
.

-

_

.YO2-120-LF N -~ - - - - -

J1EA068B-TFM-LF . N -- - -

.

e
'

L

. .-

#*_'

._
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, . (Continued) -

.

. Pipe (or Wire) Segment Local Fault: - LF-RBI-B1 + LF-RBI-B9 (Cont.) System: -

(m )-Sequence Considered: Critical Time: c
,

'

, -Unavailability w/o Recovery: Unavailability w/ Recovery:
-.

Probability of Non-Recovery:
,

!
.)

-

' Sub-Event Name . Is'it ' Location of-
(See Appendix B) Recoverable? Recovery Action q, w/o Rec. P(NR) ~ , w/ Rec. Comments

,

q

:IEA6143BB-CBL-LF N. E C'- -

-IEA052BB-BCO-LF Y C C-- --

.IEA6193BB-BCO-LP Y - C -- E

. - -

t

1

%

i

. f- )

e-

.,

b

:

.

9 -

p.

L, _
, , . . - --.m,m e- d r-- 1*W e -f<'' * +' 4 m * E * ^ * T * * ' ' ' "' ~ ~ #
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Table A2

7 (Continued)

Pipe (or Wire) Segment Local Fault: LF-HPI-H14 (o) System: High Pressure

Sequence Considered: All denoting D , D . or Fi Critical Time: 60 minutes3 t

Unavailability w/o Recovery: 1.4E-2 Unavailability w/ Recovery: 3.2E-3

Probability of Non-Recovery: 0.23

Sub-Event Name Is it Location of
(See Appendix B) Recoverable? Recovery Action q w/o Rec. P(NR) q, w/ Rec. Coc=ent s

f IE-4 1 IE-4llPIV19CX-CCC-LF N -

HPIV20CX-X0C N 8. IE-4 1 1E-4-.

$
' A-HFI-4 N 0 2E-4 1 2E-4--

A-IIPI-5 E C-- - -

A-HPI-6 C E- - -

6 IE-4 1 1E-4HPIVlBCX-XOC-LF N -

2 IE-3 1 1E-3UPIP36CB-FMD-LF N -

A406B-CBL-LF N A. 1.1E-3 1 1.1E-3-

HPIA406B-BOO-LF Y Local IE-3 .05 5E-5

HPIA406B-800-CC Y Control Room b 2E-3 .03 6E-5
,

-

'
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Table-A2

(Continued)

Pipe (or Wire) Segment Local Fault: LF-HPI-H14 (Cont.) System:
.(O)Sequence Considered:

Critical Time:

Unavailability w/o Recovery: Unavailability w/ Recovery:

Probability of Non-Recovery:

Sub-Event Name Is it Location of
(See Appendix B) Recoverable? Recovery Action q, w/o Rec. P(NR) q, w/ Rec. Comments

ESFU201-UCI-LF Y Control Room C. 1E-4 .03 3E-5

SWS01BCX-IOC-LF N (,' 1E-4 1 1E-4
--

,

W
6214B-CBL-LF Y Local os 1.1E-3 .03 3.3E-5 Recovery time is

*

60 minutes for
rest of sub-
events

SWS6214B-B00-LF Y Local
~

j 1E-3 .03 3E-5_

SWS6214B-B00-CC Y Control Room b 2E-3 .01 2E-5

SWS38108-VCC-LF Y Local
} 4.1E-3 .03 1.3E-4 4E-3 recoverable.

1E-4 is not

O O
,

. . - . _ _



g
.- -,

- -

,

Table A3. " Population Type" Data

Ta'.al
Pop. File Point Error Equiv. Equiv. ;4uear of

Type No. Estimate Factor Failures Tests Occurrences Blocks (# Occurrences)

*a 1 3.3(-3) 3 2.20 667 15 A,B,C,D,F,G,1,J K.L.M+N(3),0(2)

b 2 2.0(-3) 3 2.20 1100 16 A,B,C,0,F,G.I,J K,L,M+N(4),0(2)

c 3 1.0(-4) 3 2.20 22000 7 A(2),C(2),F,M+N,0
.

d 4 5.4(-3) 10 .37 69 2 B,0

e 5 1.0(-4) 3 2.20 22000 29 B(8),0(8),E,J(3),L(3),M+N(3),0(3)

f 6 1.0(-4) 3 2.20 22000 5 B,0,M+H(2),0

g 8 4.1(-3) 3 2.20 537 10 A,B(2),C,D(2),F,G,M+N,0

j 11 1.0(-3) 3 2.20 2200 14 A,B,C,0,F,G.I,J.K.L.M+N(2),0(2)

k 12 5.4(-4) 3 2.20 4074 2 J,L

*1 13 3.7(-3) 3 2.20 595 6 B,D,1,K,M+N,0

*o 26 4.3(-4) 3 2.20 5116 6 B,0,I,K,M+N,0

p 28 1.0(-3) 3 2.20 2200 1 H+N

t 40 8.0(-3) 10 .37 46 1 M+N

*u 41 1.8(-3) 10 .37 206 3 B,0,M+N

v 47 3.0(-3) 3 2.20 733 1_ M+N

* These types have individual point estimates within the type that differ.
See Table A4 for applicable adjustment factors.

M L- _ _ _ _ _ _ _ _ _ _ _ _ . - --. . . . .
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Table-A4. Population Types With. Mixed Point
Estimates With Appropriate Test Factors

Point Estimates--Blocks of Occurrence
T

Pop. Type Base Other Factor

a 3.3(-3) F,G,M+M 1.1(-3) A,B,C,0 J,L,M+N(2),0(2) 3

1(-4) I,K 33

3.7(-3) B,0 1.7(-3) I,X 2.2

1(-3) H+N,0 3.7
.

o 4.3(-4) B,0 2.2(-4) I,K,M+N 1.95

2(-4) 0 2.15.

u 1.8(-3) 0 2(-4) B.M+N 9

-38-
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Unpooling Algorithm

The proposed unpooling scheme unpools each of the data-type populations,
compares the test quantities that result to the existing unpaoled types, makes
adjustments in the current type if necessary, and then moves to the next data '

type. The process is elaborated on here and illustrated using the D C sequencei

and data from the main report.

Step 1. The system under consideration is broken into serias subsystems for
which an equivalent test quantity will be recorded and updated with the
addition of each population type. Initially, the equivalent test quantity
for each subsystem is treated as missing or unassigned. Also calculate. at
this step is the failure probability for each subsystem. Three values will
be used for unpooling purposes.

For the B(1.2)D C sequence, the system to be considered is given inExample. I
Figure A1. The blocks are labeled with the leading block label used in the
body of the report.

.

q {~{ _, Point Estimates
- - -

A C A - 8.38(-3)--- --- . - -

B - 5.24(-2)---

_0
-

E C - 8.38(-3).---- -
_.

~"""

D - 3.40(-2)- -

B D E - 1.00(-4)---

--- --~

H+N - 3.31(-2)
0 - 1.39(-2)

B includes B,F,G I,J from Figure 2
D includes D,K.L from Figure 2

Figure A1. Overall system in terms of branches for
which equivalent test quantities are needed.

Step 2. All data types that appear only once in the total system are assigned
and the minimum test quantity for each segment is recorded. ;

I

Example. Population types p, t, and v occur singly, all in the H+N branch. |
Therefore, branch H+N now has a minimum test quantity of 46 from the component .I
of type t. j

l
1

-39- I
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Step 3. All the data types that have more than one occurrence are ordered
according to the number of tests divided by the sum of the reciprocals'of the
T. factors for each occurrence. This repre ents the quantity that will apply
to each occurrence of a population type if a :.plit is done to make each
occurrence have the same amount of applicable data. This ordering will be
used for purposes of unpooling.

For the B(1.2)D C sequence, the ordering is d, g, b, a, u, J, . ,Example. i
e, o, k, c, and f. Population type d is ccqsidered fir:t is there are, in
general, less " data" for each of the occurrences (69/2 = , 5). Population
type g is next with approximately (537/10 =? 53.7 test qua :ities that can
be assigned to each occurrence. Notice that for type a, i of the unpooled
values will be times a factor of 3, 2 will be time = + far r of 33, and 3
will be at the base value (factor of 1). Thus, tr *4 P so that every
occurrence has the same amount of data, the 667 t( . quantity is divided by
10 1/3 + 2 1/33 + 3 = 6.39, to give 104.3 tests to each occurrence.

Step 4. The individual population types are unpooled for each population type
in the order determined by step 3. The unpooling is done in such a way as
to maximize the effective overall test quantity incorporating the given com-
ponent with the already unpooled data and the minimum test quantities that
apply to each subsystem.- Subsystems that have no minimum test quantities as
yet assigned are treated as constants.

Example 1. Population type d is the first type to be unpooled,'as determined
from step 3. Only the subsystem M+N has a test quantity associated with it
from the data types with a single occurrence considered in step 2. Consi-
dering the point estimate for subsystem 0 as a constant, the test size of 46
from M+N is equivalent to a test size of 3309 (= 46/1.39(-2)) for the system
of M+N in parallel with 0. The test size of 3309 would then also apply to
the whole subsystem containing A, M+N,' and O. If n of the 69 tests on popula-
tion type d were assigned to the occurrence in subsystem B, then the equivalent
test quantity for that combination would be given by 8.84(-3) x 3309 = 29.3
failures in 3309 tests combined in parallel with 5.24(-2) n failures in n
tests. The effective test quantity for the other parallel branch is
(69 - n)/8.38(-3) since subsystem C is treated as a constant. 'Since the
effective test quantity increases with n in the first case and decreases with
n in the second, the minimum of the two will be maximized when the two expres-
sions above are equal. This occurs when n = 35.7, therefore, population . type
d is unpooled by considering 35.7 tests in subsystem B and'33.3 tests in
subsystem D. The equivalent test quantities are now 3309 for M+N, 35.7 for -
B, and 33.3 for D. The rest of the subsystems would still be considered as 's

constants (having no equivalent test quantities).

Example 2. It will be instructive'to also consider the next population type
g here at step 4. There are occurrences of population type g in all but
subsystem E. There are single occurrences of type g in subsystems A, M+N, 0,
and C and there are four occurrences in subsystem B and two occurrences in
subsystem D. Let nA, nB, ... denote the unpooled test quantity for subsystems
A, B, ... . The total test quantity is 537, and thus, we want to assign the

-40-
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test quantitier such that nA + "M+N + "0 + "C + 4 * "the overall equivalent system test size is maximized.B + 2 * nD = 537, andAt this stage, we are
not concerned with the equivalent test quantities that have already been
assigned to the subsystems in which population type g appears. We perform
the optimization problem for g and then compare the equivalent test quantities
for g alone to. those already assigned and make appropriate adjustments in
step 5. The solution of the problem for allocating g is nA = 168.4, nB = 35.4,
nC = 109.6, nD = 42.6, nM+N = ;4.5, and no = 17.7, with an equivalent system'

test size of 1450.

A specific method for solving the above problem is not being recommended.
The above solution was obtained by programming the Maximus rules for parallel
systems on e desk calculator and iterating intelligently to obtain the solution.

Notice in the solution for g that nD = 42.6, but from.the unpooling of
population type d, the equivalent test size-for subsystem D was 33.3. This
difference forms the basis for the next step.

Step 5. If, for a specific population type in step 4, any of the equivalent
tests for a subsystem exceed the equivalent test quantity already assigned
to that subsystem and there is some other subsystem in which the current

'

population type is minimum, then rework step 4, but first allocating the
existing equivalent test size to those subsystems where this value was less
than that calculated in step 4.

Example. In step 4 for population type g no = 42.6, which exceeds the exist-
ing test size of subsystem D of 33.3 and in all the other subsystems the-
assignment from type g is the minimum. Therefore, nD is set to 33.3 and the
allocation of the remaining 537 - 2(33.3) = 470.4 is done for population type
g as was done originally in step 4. The result of this step is that nA = 163.3,
ng = 35.7, nC = 131.9, nD = 33.3, nM+N = 14.6, and no = 17.8. These are the ,

values used in the overall~ analysis and are reflected in the allocations of
Figure 3.

a

jtep6. Return to step 4 (and 5) for the next population type.

For all the remaining population types in the example followed, the effec-
tive numbers for each branch all exceed that assigned in determining the alloca--
tion for type g. Therefore, the combination of data types d and g determine
effective quantities for each branch.

The unpooling algorithm as presented is meant to give the flavor of a '

systematic way to look at the unpooling question. The algorithm has not been
completely defined in that the method of optimization for steps 4 and 5 is.
not specified. In practice, a stepwise method may be the easiest to implement.
The different population t'ypes that determine the equivalent test quantities-
may interact to such an extent that the whole procedure would have to be
reapplied. For example, in the D;C case considered here, population types d
and g.are the determining populat4on types. However, the first time through
the algorithm the d population was unpooled' assuming some of the subsystem
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branches '. sere constant. Once population type g was unpooled,' one would need
to reexamine.the unpooling of type d again, and so on between the two, in
order to converge to an optimal" unpooling.

In the case worked here, an equivalent system test quantity of 1427 was
obtained, but it is known.from g alone that 1450 is an upper bound. Thus,
the iterations between population types d and g seemed unnecessary.

o
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