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Separate Effects Tests 
Highly Ranked Phenomena 

• Break Flow: • Condensation: 
- Marviken (6) - UCB (20) 

- Moby Dick (10) - Dehbi (21) 

- Super Moby Dick (8) - U. Wise. (6) 

•� ECC Bypass: • Flooding & CCFL: 
- Bankoff (1) - Uniform, Subcooled (1) 

- Uniform, Saturated (7) 

- Non-uniform, Saturated (8) 

IAssessment Report; Appendix B I 9 

ECC Bypass Assessment 
UPTF Tests 5, 6, 7, and 21 
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Separate Effects Tests 
Core / Vessel Thermal-Hydraulics 

•	 Blowdown Heat Transfer: 
- THTF Steady-state (4) 

-Mixture Level Swell: - THTF Transient (3) 
-FRIGG (29)
 

-RBHT Steady-State (73)
 •	 Reflood Heat Transfer: 
-RBHT Trans. (1) - FLECHT-SEASET (8)
 

- RBHT Steam Cooling (7) -GE Vessel Blowdown (2)
 

- RBHT Reflood (4)
 
- GOTA Reflood (1)
 
- GOTA Radiation (1)
 

IAssessment Report; Appendix B I 13 

Reflood Test Results 
FLECHT-SEASEf Test 31805 

TRACE "$ O"<C 1 c..~ .,IFS T.1013~~ 

.,....~.,............"""IItI',..."' .....I ....... 

Quench Profile 

TPACE "~,OqC' C~e d F~ Teu 3~;;;0! 
• .... ':' ... ,._... •...."ff..._ ......e.:e.._ 

Cladding Temperatures Heat Transfer Coefficients Bundle 6P 
I4 

7 



• 
[ Integral Effects Tests 

PWR LBLOCA Tests 

• LOFT LBLOCA (3) 
PWR SBLOCA Tests 

• CCTF (7) 
• LOFT SBLOCA (3)• SCTF (7) 
• ROSA-IV (6) 

BWR LOCA Tests • Semiscale (4) 

• SSTF (2) • BETHSY (2) 

• FIST (2) 
IAssessment Report; Appendix C I• TLTA (2) 17 

• 
CCTF Run 62 Results 

TRACE Version 4.271 

Sto.::lorJ X<1or: 

. D~!!mn 
t.corJCvldl..t1 
(SroJ,.:r:; L~Cf) 

~.:_,,~ -~ -'- l' ~~ 

"">t;jtib to: iiiW. -',.;~ 

--."- .'~," ... 

TRACE Mode) for CCTF: 

-3-ring core, 8-sector vessel 

-Axial noding consistent with SETs 

-Explicit loop representation 18 
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Deficiencies & Issues
 

•	 RBHT Reflood Test Modeling / Agreement 
- IVA Flow Film Boiling Model 
- Entrainment 

•	 Break Modeling (ROSA-IV) 
- Offtake model and unique geometry 

•	 Momentum Equation Issues 
- Induced Motion
 

- Excessive ~P at Flow Direction Changes
 

•	 "Robustness" 
- Excessive CPU time for some cases 
- Code maintenance f error correction 

21 

Summary &Conclusions 

•	 Assessment of TRACE Version 5.0 was accomplished
with an assessment matrix of over 550 cases. 

•	 In general, TRACE Version 5.0 shows reasonable 
agreement with most data and can be used for NRC 
audit calculations. 

•	 Deficiencies to be addressed in future development 
activities. 

•	 Advanced reactor designs are subject to additional 
code development ancf assessment because of their 
unique features. 

22• 
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•	 THE PEER REVIEW HAS BEEN EXTREMELY VALUABLE. THE MANY 
CONSTRUCTIVE COMMENTS WILL HELP US TO IMPROVE THE CODE, 
ITS ASSESSMENT BASE, AND THE DOCUMENTATION. 

•	 THE STAFF HAS ALSO BEEN ACTIVE SINCE RELEASE OF TRACE
 
VERSION 5.0 IN DEVELOPMENT OF PLANT MODELS AND WITH
 
ADDITIONAL TESTING OF THE CODE.
 

•	 MAJOR ISSUES AT THIS TIME ARE: 
•	 Resolution of Peer Review and User Identified Errors 
•	 Momentum Equation Formulation 
•	 Runtime and Code Efficiency Problems 

0710312V06 
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•	 WE ARE IN THE PROCESS OF EXAMINING THE PEER REVIEW GROUP 
REPORTS AND BALANCING COMMENTS VERUS AVAILABLE RESOURCES. 

•	 HIGH PRIORITY ITEMS INCLUDE: 
•	 CORRECTION OF THE MOMENTUM EQUATION AND OTHER KNOWN ERRORS. 

•	 DEVELOPMENT OF USER GUIDELINES AND REVISION OF THE USER MANUAL. 

•	 IMPROVEMENT OF PHYSICAL MODELS WITH EMPHASIS ON THOSE WHICH 
MAY BE RESULTING IN DEFICIENCIES 

•	 CONTINUATION OF ASSESSMENT WITH EMPHASIS ON THOSE PHENOMENA 
AND PROCESSES NOT WELL COVERED IN WORK TO DATE 

•	 THE PEER REVIEW WAS A VALUABLE EXERCISE AND THE COMMENTS 
WILL HELP THE STAFF TO IMPROVE THE CODE AND ITS APPLICATIONS. 

OT1G312008 
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•	 THE PEER REVIEW HAS BEEN EXTREMELY VALUA BLE. THE MANY 
CONSTRUCTIVE COMMENTS WILL HELP US TO 1MPROVE THE CODE, 
ITS ASSESSMENT BASE, AND THE DOCUMENTATION. 

.' THE STAFF COMPLIMENTS THE PEER REVIEWER GROUP FOR 
WHAT WE CONSIDER AN INDEPENDENT & COMPR EHENSIVE 
EVALUATION OF TRACE VERSION 5.000. 

LONG-TERM DEVELOPMENT AND RESOLUTION 0 F ISSUES MAY• 
BENEFIT BY HAVING ACCESS TO A PERMANENT E XTERNAL REVIEW 
PANEL. 
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~-<>-~~~-~ --------------------------­
•	 CURRENT DOCUMENTATION WAS ISSUED AS A SET (Aug.
 

2007) AND CONSISTS OF:
 

•	 THEORY MANUAL 

•	 ASSESSMENT REPORT 

•	 USER MANUAL (VOLUMES 1 and 2) 

•	 EACH OF THE PEER REVIEWERS HAD DIFFICULTIES WITH
 
THE DOCUMENTATION. OF PARTICULAR NOTE WERE
 

•	 LACK OF SPECIFIC USER GUIDANCE FOR PLANT INPUT DECK 
DEVELOPMENT 

•	 DIFFICULTY IN IDENTIFYING THE SPECIFIC MODEL(S) ACTUALLY 
USED BY TRACE 

D711l312001 5smb4@"'C90V 
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TJRACc00000600000 Documentation00000'00000 
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•	 SOLUTION: 
•	 DEVELOPMENT OF TWO REPORTS (PWR & BWR) WITH PLANT 

MODELING RECOMMENDATIONS. THE RECOMMENDATIONS ARE 
INTENDED TO PROVIDE A COMPONENT BY COMPONENT "COOKBOOK" 
ON HOW A USER IS TO SET UP A PLANT. 

..	 Each region (core, UP, HL, SG, PZR, etc.) of the plant will have specific 
gUidelines on which Component to use, a recommended nodalization, mandatory 
parameter settings If a model/correlation selection Is necessary, and Identify the 
basis for the recommendations. 

..	 Goal Is to address the Peer Review comments, and also to help minimize the 
"User Effect" in plant calculations. 

.. A Technical EdItor has been obtained to facilitate revision of the User Manual. 

•	 THE THEORY MANUAL WILL BE DIVIDED INTO TWO VOLUMES; VOLUME 
1 WILL BE A CONCISE DESCRIPTION OF MODELS & CORRELATIONS. 
VOLUME 2 WILL PROVIDE DETAILS ON HISTORY &HOW PARTICULAR 
MODELS WERE DEVELOPED. 

07/03120011 611mb4@nrc:.Q10V 
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TEST PHENOMENA 

UPTF and/or IVO Loop Seal 

Inlet Elbow Flooding (various) 

MIST 

SBLOOA toop SeaIGlea~,n<:e, 

GCFL, " 

lET (B&W plants) 

PKL lET for LBLOCA 

Slowdown FUm Boiling 
DowncomerHot Wall 

Non-LOCATests , : 

•	 A test series is being planned (2Q/2009) using the RBHT facility to examine 
the effect of oscillatory reflood flows. Objective is to provide data for 
reflood in which the magnitude and frequency of oscillations are controlled. 

07103/2008 9,mbA@"re.go... 

TRACE Assessment Results 

Switch to Presentation
 

"TRACE Assessment Summary"
 

07103/20011 
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orYJQC 00000 
00000 00000 Physical Models 
00000 00000 ooooe .0000 
000. .000
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.0000 
00000 00000 TRACE Conservation Equations 00000 00000 
~OOOO 00000 

•	 MEDIUM PRIORITY ASSIGNED TO IMPROVEMENT OF 
PHYSICAL MODELS AND RESOLUTION OF DEFICIENCIES: 
•	 Condensation Processes 

-+ Direct contact condensation at ECCS jet
 

-+ Film condensation with and without NC gas
 

•	 Post-CHF Heat Transfer
 
-+ Modeling of IAFB and DFFB
 

-+ Lack of top-down quench
 

-+ CHF Models
 

•	 CCFL Model 
•	 Interfacial Friction 

07103'20011 13smb4@n,c:: III"" 
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•	 WE ARE IN THE PROCESS OF EXAMINING THE PEER REVIEW 
GROUP REPORTS AND BALANCING COMMENTS VERUS AVAILABLE 
RESOURCES. 

•	 HIGH PRIORITY ITEMS INCLUDE: 
•	 CORRECTION OF THE MOMENTUM EQUATION AND OTHER KNOWN 

ERRORS 
•	 DEVELOPMENT OF USER GUIDELINES AND REVISION OF THE USER 

MANUAL 
•	 IMPROVEMENT OF PHYSICAL MODELS WITH EMPHASIS ON THOSE 

WHICH MAY BE RESULTING IN DEFICIENCIES 
•	 CONTINUATION OF ASSESSMENT WITH EMPHASIS ON THOSE AREA 

NOT WELL COVERED IN WORK TO DATE 

•	 THE PEER REVIEW WAS A VALUABLE EXERCISE AND THE 
COMMENTS WILL HELP THE STAFF TO IMPROVE THE CODE AND ITS 
APPLICATIONS. 

0110312008 
smb4@nrt:goy 14 
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"	 (~ Protecting People and the Environment 

TRACE Regulatory Applications 

Presentation to the ACRS T/H Subcommittee 

Mirela Gavrilas 
Reactor Systems Applications Branch 
Office of Nuclear Regulatory Research 

July 7, 2008 

• 
'U.S.NRC 
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TRACE uses in regulatory activities since 
the last ACRS review (March 2007) 

•	 ESBWR DCD confirmatory calculations 

- LOCAs 

- applicability report 

•	 EPR topical report review 

- LBLOCA methodology RAls 

•	 Brown's Ferry EPU SER 

- SB and LB LOCAs 

•	 GSI-191 
- scoping analyses 

•	 2 
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./. \ Plant Decks 1,.."""":UU,.n1............:U-ro-..,"""..-.....
~ hotlln..., "'._ • ...J t.\r £ ....._ ...... , 

Plant Plant Type Event Model Status I Availability Date 

Operating Plants 

Monticello BWR/3 SBLOCA, LBLOCA, SBO Under development I 2008 

Browns Ferry 1, 2, 3 BWRl4 SBLOCA,LBLOCA,SBO Available 

Nine Mile Point 2 BWRl5 SBLOCA, LBLOCA, SBO Under development I 2008 

Point Beach 1, 2 W2100p SBLOCA Under development I 2008 

Prairie Island 1, 2 W 2 loop SBLOCA, LBLOCA Wor.. will begin shortly. 

HB Robinson W3100p SBLOCA. LBLOCA, locked rotor Available 

Turkey Point 3, 4 W3100p SBLOCA, LBLOCA Under development I 2009 

North Anna W3100p Feed and bleed Under development I 2008 

Seabrook 1 W412,41oop SBLOCA.LBLOCA,SGTR Available 

Oconee 1,2.3 B&W lowered loop SBLOCA, LBLOCA Available 

Crystal River 3 B&W lowered loop SBLOCA, LBLOCA Under development I 2009 

Calvert Oills 1, 2 CE 2 loop SBlOCA, LBLOCA, loss of FW Available 

St. Lucie 1 & 2 CE 2 loop SBLOCA, LBLOCA Under development I 2009 

Ft. Calhoun CE 2 loop SBLOCA, LBLOCA Unique plant; wor.. will proceed shortly 

New Reactors 

ESBWR BWR MSLB,BDLB,GDLB,AOL Available, AOO being developed 

EPR PWR LBLOCA Available 

AP-1000 PWR LBLOCA Available 

USAPWR PWR SBLOCA, LBLOCA, Transient TBD Under development I 2009 

ABWR BWRl6 SBLOCA, LBLOCA, Transient TBD Under development I 2009 

• 
5 

Target Execution Times 

Event One-Dimensional Model 
TRACE Execution Time"2/ 

Problem Time 

Three-Dimensional Vessel 
TRACE Execution Time2 

/ Problem Time 

Steady State 
Initialization 

1 0.5 - 3 

BWR LBLOCA 1 - 3 1 - 10 

BWRSBLOCA 1 1 - 5 

PWR LBLOCA 1 - 5 5 - 30 

PWR SBLOCA 1 3 - 10 

, The indicated execution times are goals for the TRACE one-dimensional vessel models.
 
2 Typical execution times using an NRC agency PC with a Pentium 4 CPU at 2.80 GHz and 1.0 GB
 
of RAM.
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~U.S.NRC 

Unired Srares Nuclear Regularory Commission 

Protecti1lg People and the E,Wiro1lmtmt 

TRACE - User Office Perspective 

ACRS T/H Subcommittee 

Ralph R. Landry
 

Senior Level Advisor, DSRAlNRO
 

July 7,2008
 

• 
~U.S.NRC 

Discussion Points 

• Dr. Gavrilas has presented overview of 
user office applications support 

• Two points not discussed are 
- Regulatory result of code errors 

- Specific regulatory issue resolution 

• 2 
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(~U.S.NRC 

Conclusions 

• Code errors can be used in a positive 
way in the regulatory process 

• Code has flexibility to model phenomena 
such as porous medium flow resistance 

• Office of Research has been very 
responsive to user office needs 

5 
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TRACE 5.0 Peer Review 

Presentation to the ACRS T/H 
Subcommittee 

William J. Krotiuk
 
Reactor Systems Analysis Branch
 

Office of Nuclear Regulatory Research
 
July 7, 2008
 

• 
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TRACE 5.0 Peer Review 

•	 Tasks 
- Review TRACE code and documentation 
- Produce reports that 

• summarize code strengths and deficiencies and 
• provide recommendations for code changes and improvements 

•	 Priority Objectives 
- Identify major deficiencies that preclude the use of TRACE for 

confirmatory thermal-hydraulic calculations 
- Identify deficiencies that introduce significant errors in TRACE 

predictions 
- Provide recommendations for substantive improvements 

•	 
• Present findings to the ACRS T/H subcommittee 

2 
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• 
TRACE 5.0 Peer Review - Panel Members 

• International experts with extensive knowledge of thermal-hydraulic 
code models, methods and applications 
- Dominique Bestion 

Research Director, Commissariat a I'Energie Atomique, CEA­
Grenoble 

- Peter Griffith 
Retired Professor of Mechanical Engineering, MIT 

- Marv Thurgood 
CEO/Project Manager, John Marvin, Inc. 

- George Yadigaroglu 
Professor Emeritus of Nuclear Engineering, Swiss Federal Institute 

of Technology in Zurich (ETHZ) 

• Contracts awarded in August, 2007 

3 • 
TRACE 5.0 Peer Review 

•	 Material Supplied to Peer Reviewers 
- TRACE Documentation 

• Theory Manual 
• Assessment Manual and Appendices 
• User's Guide
 

- Volume 1 Input Description
 
- Volume 2 Modeling Guidelines
 

- TRACE Code 
• TRACE Version 5.0
 

- Executable
 
- Source
 

• Sample problem input and output files 

4 • 
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TRACE 5.0 Peer Review ­
General Review Topics 

•	 Capabilities and Limitations 
-	 Code mission, purpose, objectives, capabilities, limitations and range 

of applicability 
•	 Numerical Solution Methods 

- Numerical solution scheme 
- Time and space averaging approaches 

•	 Fundamental Equations, Models and Correlations 
- Are original published sources referenced along with supporting data? 
- Is the model or correlation applicable to, and accuracy appropriate for 

power reactor conditions? 
- Is the model or correlation implementation approach including any 

modifications sufficiently described? 
•.	 General Quality 

- Is the documentation well written, well organized and understandable? 

5 
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TRACE 5.0 Peer Review ­
Specific Focus Areas 

• Detailed review by one or more panel member 
- Conservation Equations Application 
- Thermal-Hydraulic Closure Relations and Physical 

Models 
- Numerical Solution Schemes 
- Nuclear System Components, Features and Models· 

• Pumps, valves, fuel rod models and reactor kinetics 

-	 Test Assessment Matrix and Results 
• Sufficiency and completeness relative to other T/H codes 

6 
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TRACE 5.0 Peer Review ­
Specific Focus Area Review Assignments 

•	 Conservation Equations Application 
- M. Thurgood 
- G. Yadigaroglu 

•	 Thermal-Hydraulic Closure Relations and Physical Models 
- D. Bestion 
- G. Yadigaroglu 

•	 Numerical Solution Methods 
- M. Thurgood 

•	 Nuclear System Components. Features and Physical Models 
- P. Griffith 

•	 Test Assessment Matrix and Results 
- D. Bestion 
- P. Griffith 

7 • 
TRACE 5.0 Peer Review 

• Activity Summary 
- Kick-off meeting Aug. 28-29, 2007 

• Office of Research presentations 
• Discussions/questions by peer reviewers 

- Reviewers draft reports to NRC Jan., 2008 
- Working meeting Feb. 27-28, 2008 

• Discuss draft reports and findings with Office of Research staff 

- Reviewers final reports to NRC May, 2008 
- Presentation to ACRS July 7, 2008 

T/H Subcommittee 
- Final Report August, 2008 

8 
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TRACE 5.0 Review Summary 

• The following slides developed with the 
peer reviewers present an overall general 
summary of their findings. 

• Each peer reviewer will elaborate and 
justify their findings in their individual 
presentations 

9 

TRACE 5.0 Review Summary 

• General Findings: 
- TRACE 5.0 is a good system code with extended 

capabilities to simulate PWR and BWR LOCAs but is 
only applicable within the assessment range 

• Conventional PWRs and BWRs* 

-	 Getting a code as complex as TRACE to provide 
reasonable answers is an accomplishment 

• 
°Note, proprietary evaluation reports which assessed ESBWR modeling and 

applications were issued in March 2008 and not available in time lor the peer 
review. 

10 
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• 
TRACE 5.0 Review Summary 

• Specific Findings: 
- Thermal-Hydraulic Closure Relations and 

Physical Models 
• Improvements needed for some physical models 

(equations or closure models). 
- Some physical models require further review, analysis 

and improvement. 

• Include validation matrix for physical models and 
phenomena. 

• The interlace tracking model is innovative and 
efficient; but user guidance should be provided. 

11 • 
,'., 

TRACE 5.0 Review Summary 

• Specific Findings: 
- Conservation Equations Application 

• The VVV momentum term is incorrect for side 
connections. and 3-D vessel flow direction 
changes. 

• Provide guidance for using the nonconservative 
form of the momentum equation. 

• Water packing is overly restrictive. 

12 • 
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TRACE 5.0 Review Summary 

• Specific Findings: 
- Numerical Solution Methods 

• The SETS* numerical solution is innovative and 
allows b. ts to exceed the material Courant limit. 

• Note. the SETS method was previously developed and implemented in 
TRAC. 

• 
13 

TRACE 5.0 Review Summary 

• Specific Findings: 
- Test Assessment Matrix and Results 

• Additional assessments or extensions of 
assessments are needed to fUlly address each 
physical model and all important phenomena. 

• Assessments should be referenced to the SET 
matrix and PIRT tables. 

• The Assessment Manual should provide 
information on how well TRACE predicts 

• 
important licensing limits (e.g. PCT) 

14 
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• 
TRACE 5.0 Review Summary 

• Specific Findings: 
-	 Nuclear System Components, Features and
 

Physical Models Documentation
 
• A good deal of work is needed to make the Users Manual
 

easy to use
 
•	 The Users Manual should be rewritten to provide
 

recommended modeling and guidelines for system
 
components
 

• Better input modeling guidelines with references to
 
assessment modeling are needed
 

• Include code uncertainties relative to PWR and BWR
 
transients
 

15 

• 
TRACE 5.0 Review Summary 

•	 Recommended Modifications: 
-	 Items which should be addressed as soon as
 

possible
 
• Rewrite the Users Manual 
• Correct VW momentum term 
• Review indicated closure relations and physical models.
 

and include a validation matrix
 
• Continue to expand the code assessments
 

- Longer term items
 
• Add a liquid droplet field 
• Modify TRACE to solve a conservative form of the
 

momentum equation
 

16 • 
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REVIEW OF THE APPLICATION OF THE
 
CONSERVATION EQUATIONS AND OF THE
 
NUMERICAL SOLUTION METHODS USED IN
 

TRACE
 

Marv Thurgood 

General Comments 

•	 I agree with adding a droplet field to the code. The current model is 
inadequate to address the flow phenomena during stratified/dispersed 
film/dispersed flow and re-f1ood. Many of the constitutive models will have 
to be reworked as will the solution strategy. 

•	 Will the addition of the drop field be adequate or should there be four fields; 
continuous liquid, continuous gas, dispersed gas and dispersed liquid? 
There is some indication that the latter is required as an essentially four field 
model is used by the level tracking model. My recommendation is that we 
carefully evaluate the complete model needed and set out in that direction 
to start with, thereby avoiding excessive costs in developing an incomplete 
model. 

•	 Also, I wonder if some consideration should be given to solving the 
conservative form of the momentum equations rather than the non­
conservative form. It is not always clear that the code will obtain the correct 
temperature when large pressure gradients exist within the system. It is 
also not clear if it actually conserves momentum. 



•
 

•
 
General Comments (Cont'd) 

•	 It is stated in the documentation that the code 
uncertainty for transients in both current and 
advanced PWR's and BWR's has not been 
conducted. Is the code usable by NRR with out 
this? 

•	 I find the documentation generally well written 
and complete with regard to equations, 
references and nomenclature. 

• There is a description of the code's mission, its 
purpose, objectives and capabilities. Its range of 
applicability is also discussed. 

• 
General Comments (Cont'd) 

•	 Based on my review of the documentation, I conclude that there is 
an adequate description of the code limitations. 

•	 The conservation equations are described in complete detail, 
starting with the time averaged mass. energy and momentum 
equations and ending with the volume averaged mass, energy and 
momentum equations which are rearranged for numerical solution. 

•	 References are provided for the origin of the conservation equations 
used in TRACE along with the numerical methods used to solve the 
equations. These are adequate to allow a person knowledgeable in 
numerical modeling to understand the methods being used. 

•
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SCOPE OF REVIEW
 

•	 I have reviewed the following sections in their entirety: 
1:	 Field Equations 
2:	 Solution Methods 
3:	 Heat Conduction Equations. 
Appendix A: Quasi steady assumption and 
averaging operators. 
Appendix B: Finite Volume Equations 

•	 I have also reviewed the entire section on level tracking, 
Numerical experiments, the off-take model and Form 
Loss models. I have also reviewed some of the fluid 
properties, those of the gas mixture especially. 

CONSERVATION OF MOMENTUM 

The V grad V term in the momentum equations is not treated correctly for 
tees (side connections), connections of 1-0 components to the 3-D vessel 
that face a solid surface, and the bottoms and top nodes of the 3-D vessel 
which face solid boundaries. 
The velocity in the VgradV tenn (or area) that is nearest the solid surface 
should be set to zero for connections that are at 90 degrees to the solid 
surface. This has been done in a code developers test Version 5.007 
It seems to me that this velocity should be set to VcosQ> for side 
connections to a 1-0 component or for the tee secondary tUbe. 
- Cos lP is equal to zero when the side connection is perpendicular to the 1-D 

component wall. 
- It is non-zero when q> is an acute or obtuse angle and removes the same 

momentum from the side connection that is currently added to the 1-D 
component receiving the flow from the side connection or when flow is entering 
the side tube. It is not clear that side connections have been corrected in this 
way or if this velocity (or area) is set to zero. 

3 



• 
CONSERVATION OF MOMENTUM 

°	 The code developers have modified the momentum flux tenns in Version 5.07 in 
response to this review. such that the velocity that is nearest the solid surface is set 
to zero for connections that are at 90 degrees to the solid surface. Thus the 
momenlum gradient term; 

I'VV = O.S °lV,., • v, IW., -1",) 
becomes;

II1.r J ' 11 

I'VI" = o.s"W, x-r,> ~ r, .• , ~ 0 and;
 
~1'll
 

rvv = O.S °(1',., XV,.,I ~ r,." ~ 0
 

~J.11
 

This will correctly result in the Bernoulli pressure drop of 112pV' 

• 
CONSERVATION OF MOMENTUM 

• ASSUME FLOW IN FROM BRANCH, NO 
FLOW IN MAIN LINE 

__J_ 
-

112 
1i- ~ 

• 
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• 
CONSERVATION OF MOMENTUM 

• Momentum in Run of Branch Connection 

V'V V =0.5· (Vi +. )(Vi+I) 

/x(j+1/2 

However; 

• 
CONSERVATION OF MOMENTUM 

1/2 V. 1/2 V.0.5*(A j +1/2 + A j +1!2.)V. (A j + ,- Aj _ )
A. A. J+1I2 A. J+I/. A. J-1I2VV V = ..:.J_+I__-:;.J ...;:J_+I ---=J:....- _ 

6xj +1/2 

V _ = 0.0j 1/2 

0.5'" (l + l)Vj +1/2 (1 *Vj +1!2 -1'" 0) Vf=,/2
JiVV= =-­

~j+1/2 ~j+1/2 

• 
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CONSERVATION OF MOMENTUM 

•	 The term may not conserve momentum 
from one cell to another as the V 
multiplying the gradient is different from 
one cell to the next. Does this become a 
problem when phase change is present 
or when the flow is oscillating? 

WATER PACKING
 

•	 Water packing often occurs in several 
problems. 

•	 Is the level tracking model versatile 
enough that it can be used in all cases 
where water packing may occur? 

•	 Is the intent to eventually replace the 
water packing fix with the level tracking 
model? 

•
 

•
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• 
FINDINGS: Level Tracking 

The manual states that exaggerated momentum transfer can 
occur in TRACE 5.0 when a steam/water droplet mixture flows 
down towards the surface of a liquid pool due to the use of the 
non-conservative motion equations rather than using the fully 
conservative momentum equations. It is recommended that the 
solution, to this problem is to engage the TRACE interface 
tracking model, when practical. 

The interface tracking model is activated only when the user 
specifies for it to be used and only when the criteria specified for 
interface recognition are met. 

How does the user know when he should activate it? 

What are the chances that the user will invalidate the code 
assessment by specifying this model inappropriately? 

• 
Non-Condensable Gases 

Solving n-noncondensable gas equations need not require the addition of any 
more than one additional equation if the conservation of mass and energy 
equations are partitioned appropriately. 

The non-condensable gas species specific heats should be temperature 
dependent. They are currently constant. 

The specific heat of the gas/vapor mixture are calculated incorrectly. The current 
definition used is based on partial pressure ratio. It should be based on mass 
fractions: 

The gas mixture properties, viscosity and thermal conductivity, should be based on 
accepted methods for calculating gas mixtures properties rather than using 
pressure ratios to define the mixture properties. 

When will the new method for handling the effects of non-condensable gases be 
available. The current method is wrong and requires that the interface be at the 
temperature corresponding to the bulk steam partial pressure. 

•
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• 
Non-Condensable Gases 

• GAS MIXTURE SPECIFIC HEAT 
- Current: 

C M =C M +C M ~C = M s C + M. C ~~C + P. C 
""- P' s PO' /'fI M P" M po ". po ._ ,_ P,os Pgas 

• 
Non-Condensable Gases 

•	 Transport Properties: 
- Current: 

P.P", + PaP""
P	 = 

PI P 

- Should be: 

• 
8
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•
 

•
 

SATURATED STEAM INTERNAL
 
ENERGY
 

•	 The equation of state for the saturated vapor 
internal energy is inadequate between the 
pressures of 1e5 and 2e6 Pascals. 

•	 The derivative of the internal energy with 
respect to pressure or temperature actually 
changes sign in this region. 

•	 This is in a pressure range of primary interest 
for small and large breaks. 

•	 This also results in an error in the superheated 
vapor internal energy calculation. 

9 
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Summary of the Review of 
TRACE V5.0 

by D. Bestion 

o. Bastion 1/12
July 7th 2008 

Scope of the review - Method of Work 

o	 Review based on documentation: Theory Manual, Assessment Manual, 
o	 Focussed on field equations (10,30, but not the TEE) and closure models, 

a few flow process models, and on the assessment. 
o	 The assessment considered SET and lETs devoted to PWR LOCAs. 
o	 For each closure model ' 

- Importance with regard to safety. 
- Correctness and adequacy of the model with regard to the up to date knowledge 
- Consistency with the intrinsic limitations of the two-fluid model. 
- Degree of empiricism with regard to the physical understanding of the 

corresponding flow process. 
- Validation of each model in a SET way 
- Adequacy of the section of the Theory Manual 

o	 At last, for each model, recommendations may be given for 
- additional R&D work in view of improving the model, 
- additional validation. 
- improving the documentation 

•	 
D. Bestion 2/12
July 7th 2008 
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Main Conclusions of the review 1/2 

TRACE V5.0 appears to be a aood system code with extended capabilities for 
simulations of LOCAS of F'WRs and BWRs. 

EQUATIONS & CLOSURE MODELS 
}> An impressive wort done to revisit all dosure models. and improve some old correlations 
}> A coherent set of models. 
}> Most models seem flAly ~ and reflect the Present state of the art. 
}> The degree of empiriclsm of most models Is consistent with !he available understanding of 

flow processes. 
• Mech8ni1ltlc models .... M1ec1lld 01 developed ~ was possible. 
• some tuning on expel1menl11 data was added -.ery 
• put1l empirical models .... selected ....... no oltler approach coUd do 8 better job.
 

}> A few models may have an unnecessary degree of sophistication
 

}> ~ ~retE:iOlf.Y~"* ?!yslsanctfurtleimDrOYeg:nts. such as ~ ~C. the 
own lOll. lOll ~nsa gases. stratification critenon. '" 

}> No big flaw was identified in equations & in closure models which might lead to wrong 
predictions and to erroneous conclusions on safety issues 

NUMERICS: 
}> The Level Tracking Method of TRACE V5.0 performs remarltably well ! 

3112 

Main Conclusions of the review 2/2 

ASSESSMENT: 
}> SETs and lETs yalj.sIate many models and covers many physical snualions encountered in 

accidental transientS. 
}> Some validation calculations are not sufficlently analysed 
}> Additional assessment is stili required for a more exhaustive coverage of all models and of all 

impoltant phenomena encountered In reactor transients. 
}> No big flaw was revealed by assessment calculations 
}> Some checks on some models and some additional assessment are necessary to finally 

demonstrate that there is no flaw. 
}> The documentation of the physical modefting in the Theory Manual gives not only the 

selected equations and closure models but also some justification of the choices. 
}>	 The documentation of the Validation and Vertfication in the Assessment Manual presents the 

general assessment methodology based on PIRT tables and the results of each SET or lET 
simulation. 

Recommendations : 
~ the analysis of some calculations should be improved 
}> each assessment wort should be related to the PIRT table. 
~ a cross reference matrix with the models against the SET matrix should be added 
.. the range of parameters in which each closure law is validated in a separate effect way 

should be identified. 
;. some recommendations to users based on assessment worIl (e.g. recommendations on 

mesh size and time step) should be added. 

0_ 4112 
JtioI "" 200ll 

•
 

•
 

•
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High priority recommendations about models (1/2) 

Stratification crIterion 
l> Criterion 1: KH instability 

:.- Criterion 2 : sedimentation of bubbles in turbulent flow 

:.- Criterion 3: based on the Richter flooding limit (UPTF Hot Leg): 
should be replaced by a user option with free constants (geometry 
specific) 

:.­ A model for "overheated condensation" should 
be implemented to allow starting condensation in 
single phase overheated steam or gas mixture 
when Tw < Tsat(Pv) 

l> This should use QWi to create liquid. 
:.­ Then when some liquid film exists, condensation 

can be treated by 'I.... and 'I". 

HoI vapour - HC

1 
'l'w 

Direct Contact Condensation 
:.- The enhancement of the condensation due to
 

ECCS jet induced turbulence should be modelled
 
in TRACE and validated in a separate effect way.
 

Film condensation 

D. Bestion 5112 
July 7th 2008 

High priority recommendations about models (2/2) 

Noncondensable gases 

The '1" term and the multiplication of qv; by Pv/P in presence 
of NC gases should be reconsidered and possibly limited to 
some extreme situations (Pv« P & Tv<Tsv or Tv<O'C) 

q" =Ai h" (T1-Tsv) 
qvi =Ai Pv/P h~ (Tv-Tsv) 
q,t =Ai Pnc/P hVi (Tv-TI) 

q" =Ai h" (TI-Tsv) 
qvi =Ai hVi (Tv-Tsv) 

Wail heat transfer selection logic 
allow wall to liquid heat exchange for a ~ 0.9999 
select the film condensation model with a criterion based on 
the film thickness rather than on the void fraction (alfa>O.g) 

CCFL 
The reason for the misprediction of the Wallis type flooding 
curve in small diameter pipes should be clarified. 
If necessary the CCFL model implementation in the 
equations and the solution procedure should be revised. 

• 
D, Bastion 6/12
JutY71h 2008 

rHI + qti + qvi =r Hv 
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• 
Medium priority and long term recommendations about models 

Medium priority recommendations 

Flo., regimeAdd."."p _- (IofgoOl>~Q.I""'-"' 

1nl8tfec1a1 friction In pi".. 
_ t, In IUIbIy & ....__., pipoo""''' _toa-.g on ..'-' ........._In SG _ with alOIng_ 

Mo_tum equetJonsa- tho altho 1_ pl<lIIllIlIonoIlo ~ 0I1i<Jlid hoigH In __ lP _In ••001.,.. _ -c:lw1lIO. 
c:lw1lIO al oIopo. 

Coni Inl8tfeclal frfctJon 
- ear-__tho _on t,"tho __ (0 ~11n.... P (RBHT) .. "'ut- P(THTf) ......... ",-...dIgrodIng ., IIWIl PWR 

R.shl"fl 
- odd ......... --.v....,-.gIn tho .... _ 10__ivty 1_('~)
 

Rim c:ond8nutlon...............--01wtIh NC .........__- on_ 
Long term recommendations 

R.shl"fl __ __ enyoI.~_qi""""In-.nv -*l_. 'O_oI_01.-._ 
Mo_tum equetJons 

10&JO;i'..._,oI ... _ ....._ond_al._~_ 
3O:~01.~ ....._ 

O.B-. 7/12 
~7Itl2008 

• 
High priority recommendations about validation 1/2 

Direct COIItlIct Conden••tiOll 
.. Condensation at ECCS injections should be validated in a Separate effect way in
 

conditions representative or both LBLOCAs and SBLOCAs.
 
.. Non condensable gas effects in Refill and Reflood should be addressed in assessment
 

calculation
 

~~-~AJ£8q-
.... I ..·· i ~\,. 

_ClltC\a.&.-- I'OiIC ~::.- I=--...,. 
Film boiling In blC1tIIfdawn 

.. Investigate possible effects of the mass flux and of subcooling on the overall HT in IAFB
 

.. Compare range of G & X of THTF tests I reactor LBLOCA. The validation against SET of
 
IAFB modelling should probably be extended to low X & G> 500 kglm2ls
 

Downcomer Refill 
.. A methodology with respect to the effects of N2 should be defined. and should be used in
 

the validalion and recommended for reactor appf;cations.
 
.. A reference 3D nodallzalion for the PV should be defined for the core and the downcomer
 

and applied to both the validation calculations and the reactor applications.
 

0._ 8/12 
~7Itl2008 • 
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High priority recommendations about validation 2/2 

Reflood 
»	 A clear policy with respect to the use of non converged 3D nodallzation in the PV should be 

defined. Justify nodalization for Reflood tests, do sensitivity tests to the meshing to evaluate 
the error due to non convergence. 
The sensitivity to the time step should also be investigated for Reflood calculations in order 
to give precise recommendatIOns 
Oscillations during Reflood should be addressed in representative conditions by available 
SETs and lETs. LOFT not representative due to scale distortion, SCTF and CCTF not 
representative since oscillations were avoided by using LP injection 

De-entrainment in upper Plenum and CCFL at UTP during Reflood 
»	 Entrainment de-entrainment in UP and HL and CCFL at the UTP of the Core during reflood 

should be validated in a separate effect way. SCTF, CCTF not prototypical with respect to 
this phenomenon. Consider UPTF tests (UPTF-10c, .. ) 

Hot Wall heat transfer in downcomer during Reflood 
»	 Hot Wall heat transfer in downcomer during Reflood should be addressed in representative 

conditions: Reflooding duration Is too short in LOFT tests and the calculated UPTF tests did 
not address this phenomenon. One may suggest the use of JAERI tests. 

CCFL 
»	 The reason of deviation from the prescribed flooding curve? model correction? 

Sensitivity to the meshing & recommendations to users. 
Check in reactor geometry that standard " does not impose a more severe limitation 
Extend validation of CCFL model to SG Inlet Header, inlet of SG tubes. 

•	 
o. Bastion 9/12
JUly 7th 2008 

Medium priority recommendations about validation 

Assessment methodology 

Each assessment report should recall the PIRT table and the phenomena they are supposed to 
address in lhese tables, and conclusions on these phenomena and the related models should be drawn. 

Cross reference matrbt with all closure models & flow process models agalnsttesls of the SET 
matrix. 

~~~[;:'~9.e of parameters in which each dosure law is validated in a separate effect way should be 

Recommendations for Input modelling including nodalization and time step requirements should be 
given based on each assessment work. Such recommendations should be reflected in the User Manual 

>	 What is presented as "fundamental validation tests" should be either classified in 'Validation" or in 
'Venf1calion" tests according 10 the standard nomenclature. 

+ Some required improvements of assessment work on: 
Critical Flow, Stratified flow, 3D power distribution effects in SBlOCAS. Loop Seal clearing. In/erfacial friction in 

core, InterfaCial friction to tubes, Convection to tlquid, Nucleate boiling, ConveClion to vapour, 
Downcomer Refill, Reflood, Film condensation (Appendix 1 to i ) 

•	 D. Bastion 10/12
July 7th 2008 
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High priority recommendations about documentation 

Field equations 
»	 Separate the derivation of balance equation for the 10 module (and Tee component) and 

for the 3D PV model 

3D Vessel model 
;.	 More peda90llY : all simplifications should be listed and justified. 
;.	 The scale of space averaging should be clearly specified for each subcomponent of the 

PV 
The volume averaging of 3D equationS shOuld be presented showing how the porosity 
appears and what simplifying assumptionS allow 10 eliminate it 
Belter justify the absence of turbulent diffusion and of dispersion terms and the limits of 
applicability should be more clearly identified. 
A clear PolicY wtth respect to the use of non converged 3D nodalization in the Pressure 
Vessel st.:lul"d be defined. 

One posslble ~ is 10 Clefine a reIerenoa nocIIization dlhe Pressure Vessel and 10 lI8lidale 
logether!he physics + numericS + noclIIimtion ega""l scele 1 data. 
Nt aIlllmatMt is 10 ........te!he non-con~error from assessment ce/CUIalions and 10 use it 
in ullQll1llinty for '-IIPIlIiClllions. 

+ RecommendlltJons on documentafion of: CCfL Critical ftow. Inter18Ci81 friCtion. CHF. level 
tnId<ing method. NaIur8l corMClion '-' transfers....IAppench 2 .} 

11/12 

• 
Summary of Conclusions 

o No big flaw found 
o	 TRACE V5.0 is already a good system code for lOCAS of PWRs 

and BWRs. 
o A few models require further analysis and improvements 
o Assessment should be extended and improved in some cases 

o	 Then lor long tem! (additional recommendations not present in the report ): 
}> Add a 3rd field (droplets) 
}> Improve modelling of PV (allowing local mesh refinements) 
}> Dynamic modelling of turbulence & Ai 

0_ 12/12
Ny 1lh20C8 • 
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Appendix 1: Medium priority recommendations about validation 2/2~1 

Some required improvements of assessment work 

Critlca' Flow 
). Improve fhe analysis of validation against Ma/Viken tests & Moby Dia tests
 
). Drher geometrical oonfiguratJona and other upstream flow conditions?
 

Shllfilld now 
~ TPTF Horizontal flow tests: natura of the flow 8ubcrilical or 8upercntical?
 
). Add validation 01 't, in geom9lry and now conditions encountered in HL or lL or PVVRs
 

3D power distribution effect. In SBLOCAS 
,. 30 POW8l' distribution effects under core uocovery eituation during SSLOCAs should be validBlad 

Loop S•• cl••ring 
,. lOOp Seal dearing ehould be addressed by BI SET validation 

InterllJClaJ frlctJon In core 
)- Convergence lests to the node size: recommendations 10 U88f!1.
 

)0 Improve the analysis of validation against THTF Mixture levella8ts & RBHT transient Uncovery tests
 
Int&rfacl.' friction In tube. 

)- Extend the validation range of Kat80ke-lehli model. 
,. The pr$Clidlon of some a fluctuations in GE levef ~J test W 1()()"3 should be analysed. 

Convection to "quid 
).0 Check' BVallabillty of NESTOR dllta, ( HT ooAffidenlln s fesl rod bundle) 

Hue/••" boJlinl1 
)- SET validation of the ONB & of nucleate bolUng model 

Convection fa Ifepour 
). Furthsr vslidate wall to vapour Convection model 

Downcomar R.OU 
). Sensitivity tests to Dee in the downromer and to .o.p from doYiflCOmsr to the containment for UPTF testa 6 and 7. 
> analyse the effect of the '1:( in annular-mist now regime (high subc:ooling test UPTF 5) 

R.flood 
;.. Addltionsl analysis of Self Reflood tests & RBHT 

FUm condensation 
). Assess both the standard (SklovAr snd Rodi,,;lln) and OOvanced model for film condensation in presence of NC wilh UeB· 

Kuhn tests. 
> Ext.end Ihe 88&888men! against University ofWisconsin condensation tBSls to other geometrical configurations with downward 

faCing cooling wall. 

D. Beation 13/12
JUly 7th 2008 

Appendix 2: High priority recommendations about documentation ..-, 

CCFL 
CCFL model implementation in the equations and the solution procedure in the theory manual. 

Critical flow 
Choking does not occur when a zero characteristic velocity is reached.
 
Make clear that the present flashing model cannot be used for break flow prediction.
 
Do not use the terminology "1-0 critical flow model" : the TRACE model is 0-0
 

Interfacial friction 
Clarify if the rod bundle drag models are applicable in the secondary side of SG. 

Reflood 
Mention that U tube oscillations validate the capability neither to add any numerfcal dissipation 
nor to damp manometer type oscillations ( core and downcomer during Reflood) 

CHF 
The function of the static quality mentioned in eQ. 6-113 should be given.
 
Specify how the positive flow is defined in case of vertical, horizontal and inclined flow. (3D?)
 

Level tracking method 
The level tracking method should be presented in the Theory Manual. 

Natural convection heat transfers: 
Reference should be given for the coefficients of the NC correlations.
 
Are models applicable to vertical pipes only or also to horizontal and inclined pipes?
 
In the 3D module, identification of vertical or horizontal or inclined wall? NC HT takes account
 
of wall orientation?
 
A NC correlation established in vertical tubes is used in rod bundles and not for tubes .Why?
 

D. Bestion 14/12
July 7th 2008 
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• Appendix 1: Medium priority recommendations about validation 2/2 '<II 

•
 

Some required improvements of assessment work 

Crltlcsl Flow 
, Improve the analysis of validation against Marvikon tests & Moby Die« tests 
, Other geometrical configurations and other upstream flow concutions? 

Str.tifiedffow 
,. TPTF Horizontal flow tests: nature of the f)ow 8ubcritical or 8upercnlical? 
,. Add validation of II in geometry and flow conditions encountered in Hl or Il of P'NRs 

3D power distributIon effect. in SBLOCAS 
;.. 3D power distribution effects under ooro uncovery situation during SBLOCAs should be validated 

Loop Se.' clearing 
,. loop Seal clearing should be addreas&d by a SeT validation 

Int.rfacia' fr;cUon In COni 

,. COrTll'ergence tests to tha node size: recommendations to users.
 
;;.. Improve the analysis of validation against THTF Mixture level tests & RBHT transient Uncovery tests
 

Interfacial friction in tub•• 
, Extend the validation range of Kataoka-Ishii model.
 
,. The predidion of some a f1uduations in GE level swell test N·'OO-3 should be analysed.
 

Convection to liquid 
,. Checlf. availability of NESTOR data, ( HT coefficient in a real rod bundle) 

Nuel..'. boiling 
,. SET veUdstion of the ONB & of nucleate boiling model 

Convection 10 vapour 
,. Fw1hervalidat. wall to vapour Convection model 

Downcomar R.fill 
;, Sensitivity tests 10 DeC in the downcomer and to ~P from downcomer to the contairvnent for UPTF tests 6 am 7 
,. analyse the effed of the '1:. in annula,·miel flow regime (high subcooling test UPTF 5) 

R.nood 
,. Additional analysis of SCTF Reflood tests & RBHT 

Film condenNtlon 
:;.. A88eae both the standard (Sklover and Rodivilin) and advanced model for film condensation in presence of NC with UCB­

Kuhn tests 
,. Exlend the assessment against University of Wisconsin condensation lests to other geometrical configurations 'fIIith downward 

facing cooling wall 

D. Bestion 13/12
July 7th 2008 

Appendix 2: High priority recommendations about documentation ~l 

CCFL 
CCFL model implementation in the equations and the solution procedure in the theory manual. 

Critical flow 
Choking does not occur when a zero characteristic velocity is reached. 
Make clear that the present flashing model cannot be used for break flow prediction. 
Do not use the terminology "1-0 critical flow model" : the TRACE model is 0-0 

Interfacial friction 
Clarify if the rod bundle drag models are applicable in the secondary side of SG. 

Reflood 
Mention that U tube oscillations validate the capability neither to add any numerical dissipation 
nor to damp manometer type oscillations ( core and downcomer during Reflood) 

CHF 
The function of the static quality mentioned in eq. 6-113 should be given.
 
Specify how the positive flow is defined in case of vertical. horizontal and inclined flow. (3D?)
 

Level tracking method 
The level tracking method should be presented in the Theory Manual. 

Natural convection heat transfers: 
Reference should be given for the coefficients of the NC correlations.
 
Are models applicable to vertical pipes only or also to horizontal and inclined pipes?
 
In the 3D module. identification of vertical or horizontal or inclined wall? NC HT takes account
 
of wall orientation?
 
A NC correlation established in vertical tubes is used in rod bundles and not for tubes .Why?
 

D. Bestion 14/12
July 7th 2008 
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Appendix 3: a benchmark for momentum equations:axial •
effects of transverse gravity force ~ 

,. 2. 1. 1 1 25 m 
____ I. II 

_.a=O.074~ ~ _ t=2.210's~
 
illIlIIIIDJJn-rrn-t~=.O f,5,m
s ~A~~.L- ~
 

~ oJm ~
 
u = 4118 .484 .4117 .441.485.489 .416.912 1. 

~ I I~

«=.794 .949 I. u=.382 .344.170 O..IJIl.242369.3S6.998 

~ 
a'.594 .625.763.967.934809 .9351. u=247 .4A .015 .665.998 

o 8e*M\. J C ~. A fWOoIbd _eI*J ~ 1Uf.... lor. pt'8UIIJad ... rNdOt ...-r.ty c.oct., ..... J.Umi If'll. Symp On
 
........... ..-&P.......-.........deC'_
 

OS­ 15/12 
~7"'2008 

0._ 
NY7tIl2008 

Appendix 4: About 3D pressure vessel ~I 

IA=<A, >+tS4] 

<1,P'. ~>,=p~[jI<U.>,<U, >J+p~[;<a"a" >, 

Macroscopic Momentum diSpetSlon 
convedion 

<1 oP'.H > =~I"""<u > <H> l+~r"-<a,Nf> 
I dr, fax, PP' • J I dr, l'" ' I 

Enlh8lpy dispetSlon 

In • awe cUing LBlOCA: 

Turb. Dtlusion <dispersion < interfacial & walllransfet1 

Wolh COlIISe mes~ng: 
impadonPCT 

Turb. Oil!uSion 2K 
< dispersion 5K 

< IlUfI*ical dil!uSion 10K 
< numelical error on interfacial & wall transfers 30K 

< unalItainly on interfacial & waft translets models in coni SOK 
< total uncenainty due to IC, Be, all models 150K 

16112 
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Comments from review of the 
TRACE manuals, in particular 
the Physical Models sections 

Presentation to the ACRS 

G. Yadigaroglu 

7 July 2008 

1/22 

Scope (this Panel member) 

Reviewed in detail, in the 
Theory and Assessment Manuals: 

- Completeness and readability of the Theory Manual 
- Overall modelling approach 
- Particular models: 

• Drag Models 
• Interfacial Heat Transfer Models 
• Wall Heat Transfer Models 

- Related, selected Assessment cases 
- Also: Appendix A: Quasi-Steady Assumption and Averaging Operators 

Some topics covered also by other Panel members are not repeated 
here 

• 2/22 
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Warning 

•	 A lot of good work has been accomplished or attempted, 
or is planned 

but 

•	 Comments are made here only for the negative findings 

•	 There are no comments for whatever is positive, well 
done, and fine 

3122 • 
Interactions with the developers 

•	 Excellent information meetings with the developers' 
team where lots of information was provided and 
questions answered 

•	 Regret the absence of dialog regarding the interim 
written comments made: Practically all the replies simply 
promised action, for the vast majority of the comments, 
within two years, as "mid-priority issues." 

•	 More interactive dialog would have benefited the process 

4/22 • 
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State of the code 

•	 We learn by reading the manual that some important 
changes will be implemented in the future to overcome 
presently detected shortcomings... (some also 
detected by the Review Panel) 

• This is highly recommended 

but 

•	 makes the present review tentative... 

•	 
5/22 

Transparency of the top-level modeling 
approach 

•	 A regrettable lack of the presentation of the top-level ·strategic 
approach" to modeling (in spite of lots of good work for the selection 
of the best available models and correlations and). 

•	 No top-level definition of the flow regimes (although information given 
in the particular sections) 

•	 Is the top-level selection of flow regimes, phenomena and situations 
to be simulated, and the corresponding selection of methods and 
models for these unique and consistent? 

•	 The flow regimes should have been selected in a unique fashion for 
both hydraulics and heat transfer; this is apparently only partly the 
case now? 

•	 Recommendation: Present the code logic (flow diagram) used in 
selecting flow and heat transfer regimes and the corresponding 
models and correlations, possibly in a clear but detailed graphical 
form (with references to the corresponding sections of the Manual). 

•	 
Indicate also when these models came from older code versions. 

6/22 
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Level of detail I balance in modeling 

•	 Some (easy to model, but not necessarily very
 
important) items are modeled with (unnecessarily)
 
extreme detail and unwarranted precision, while other,
 
more difficult items are still to be improved
 

•	 Some difficulties in converting historically "mixture­

based" correlations and models to the two-fluid
 
framework
 

•	 Some difficulties with the wall-gas-interface-Iiquid logic
 
and transfers
 

7/22 • 
Modeling: "mixing" models and correlations 

•	 Often ad-hoc local adjustments are made to existing
 
models and correlations to adapt them to the needs of
 
the code
 

•	 The choice/changes of correlations has often been
 
done in an ad-hoc, piecewise, "local" way (fix an
 
existing problem)
 

•	 Very often constants in the models have been modified
 
to better match a particular set of relevant data
 

•	 The models have often been "mixed" by picking pieces
 
here and there from the work of various authors;
 
consistency is not evident (e.g. Kuhn et a/., De
 
Cachard, Chen, ... ) 

8/22 • 
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Transparency of Code Validation 

•	 Lots of new models are proposed: at the end, without 
extensive developmental validation results one cannot 
assess their adequacy 

•	 Need a cross-reference table showing how the 
capability of the code was assessed for each 
phenomenon considered and where this information 
can be found 

•	 Provide also information on the "model development 
tests" (tests at elementary level) 

9/22 

Readability and contents of Manual 

Needed/recommended: 

A Chapter outlining the top-level modeling strategy 

A Chapter defining the flow and heat transfer regimes once and for all 
(rather than "locally" within the following chapters and several times) 

The historical presentation of model development is interesting and helps 
understand the choices made, but makes the Manual difficult to 
read/misleading: 

- e.g., the historical remarks could be printed in smaller font or as footnotes. 

- The reader should be able to find rapidly the model actually implemented 

Numbering of the sections, subsections etc. of the Manual would help the 
reader ana outline the logic of the code 

Create links between a graphical presentation of the flow diagram/logic of 
the code and the Sections describing its models 

Eliminate repetitions (due to the format and the lack of top-level regime 

• 
definition) 

Could the user get some help in accessing certain old but important reports 
(Typically ANL, lshii and coworkers)? 10/22 
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Practical limitations of the review work 

•	 It was clearly not possible within the limits of this
 
review to verify the adequacy of all the models used
 
and the way they were implemented. For this, one
 
would have, e.g., to consult some of the original
 
publications ... (regarding range of correlations, data
 
used in developing them, etc.)
 

Even if more resources were available, it would not 
have been possible to review the details of the 
validation work in relation to the adequacy of the 
models implemented in TRACE. Years of peer 
validation will be needed for this (CAMP like) 

11/22 

• 

Particular issues 

Most important "problems" raised here
 

Numerous additional remarks made in
 
the report
 

12/22 • 
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Extracting Interfacial Shear from Void
 
Fraction Data
 

dn	 Plr I Pro
O=-<I-a>-'r +gp <1-a>cose-~+-'-' 

dz I	 A A 

dp	 Pwgrwg p;r;
0= - < a> - + gp < a > cose----­

.dz g	 A A 

multiplying the first equation by <a>, the second by <1-a> and
 
subtracting, one obtains
 

Pro	 P r < a > Pw r w < 1- a > 
_,_, = -g(p - p ) < 1- a >< a > cose+ wi wi - -----".g---,,-g-- ­

A I g A A 

The shear terms were neglected. Void fraction from vessel 
tests was used. What happens in horizontal flows? More 
validation needed. 

13122 

•
 

The difference between the true average relative 
velocity «Vg-\lJ» and the difference of the true 

phase velocities, v,. V - ~ g 

•	 An unnecessarily complicated, approximate treatment in 
the Manual based on Ishii & Mishima 

•	 Believe that a revisit of the issue from the very
 
fundamental point of view would be worth the effort:
 

- Consistency of the physical reality with the
 
assumptions (of the DF model)?
 

- How were the relevant data collected?
 

- Believe that an exact treatment is possible...
 

14122 
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Interfacial Heat Transfer 

•	 Should recall at the very beginning briefly the logic and 
the scheme used in the two-fluid framework for heat 
transfer: 

wall> f1uid(s) > interface> fluid 

and make a general statement"on how this will be
 
implemented
 

•	 Show/identify exceptions to this logic when needed (e.g., 
IAFB) 

15122 • 
Common film model for annular flow 

and for condensation 

•	 I believe that a separate treatment is needed for 
downward condensation in tubes (when the steam could 
be practically stagnating) 
(This is apparently planned) 

16/22 • 
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Condensation 

•	 Why is interfacial heat transfer for stratified flow treated 
separately (and differently?) 

•	 Laminar versus turbulent films treated correctly? 

•	 Justification for "adding" (Eq. (5-49) the laminar and 
turbulent interfacial htc's 

•	 Why Kuhn vs Bankoff? 

•	 Lots of "mixing" of authors and correlations in the last, 
retained version of the model. ... 

•	 
17/22 

Critical Heat Flux 

•	 The Manual mentions some limitations, while the most 
important one that all CHF correlations are for steady­
state situations while CHF occurs during a LOCA under 
transient conditions, is ignored. 

•	 Why CHF is based on a temperature difference (and not 
on a heat flux)? 

•	 CHF models seem to be largely untested 

•	 Warning about use of correlations developed for co­
current flow in counter-current flow situations 

•	 18/22 
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•
 
Post-CHF heat transfer 

•	 The superheating of the vapor is ignored by transferring 
the heat wall> liquid... 

•	 Post-CHF Heat Transfer logic: correct? 

•	 Some apparent inconsistencies: TCHF defined as the CHF 
criterion but later mentioning TCHF and Xent as CHF 
criteria ... 

19/22 • 
Rewetting and reflooding 

•	 Belief in the (TCHF. Tmin) representation ignoring the 
progression of the OF as the controlling mechanism 

•	 Ignoring lots of previous work and starting from scratch 
with questionable results 

•	 Minimum Film Boiling Temperature: Difference between 
quench temperature and rewetting (knee) temperature in 
refJooding "mistreated" (old beliefs remain). Object to the 
implemented "modification in the vicinity of the quench 
front to improve ... performance" . 

20/22 • 
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Modeling of IAFB and DFFB 

•	 New models do not seem to be successful and are 
largely untested 

•	 Why is all the previous work ignored? 

•	 DFFB, Two-Phase Enhancement of Convective Heat 
Transfer: 
questionable approach based on turbulence 
enhancement; it is the presence of the droplets that 
controls the vapor temperature 

21/22 

Appendix A of Manual 

•	 About the quasi-steady-state assumption: Not very 
useful and relevant - could eliminate 

•	 22/22 

11 



•
 

•
 

•
 



.•

•
 

•
 

•
 

TRACE Manual Review 

Peter Griffith 

7 July 2008 

Introduction 

• Charge to PG 
- Review component models 

- Check constituative models 

• CSAU recalled 

• Comments on several specific models 

• Conclusions 

7 July 2008 P Griffilh2 
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CSAU Recalled 

• Most significant uncertainty -	 Post 
CHF HTC 

• Details of HT package had little effect 
• Pump model had very little effect on 

outcome 
• Worst results most often were due to 

code user errors - the text is very 
important in preventing this 

7 July 2008	 P GrIffith 3 

Calculating PCT 

•	 HSTR -PWR core design 
•	 Nodes .3m on a side 
•	 TRACE for fluid mechanics 
•	 Heat transfer including forced convection, 

CHF, post CHF 
•	 Radiation - RADENC 
•	 PCT calculated from above 

7 July 2008	 P Griffith 4 
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•
 
Some problems 

• Post CHF from lookup table-fluid 
properties only-no surface effects 

• Concern-radiation might be put in twice­

once from lookup table 

once from RADENC 

Instructions should prevent this 

7 July 2008 P Griffith 5 

• 
Important editorial changes 

• Move out-of-date models to a new list 
• Consolidate Component Models and 

modeling guidelines 
• Compare by plotting measured vs 

calculated peT 
• Rewrite separator text 
• Plot variables vs inventory rather than 

time 

• 
7 JUly 2008 P Griffith 6 
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•
 
Misplaced precision 

• BREAK - legislate break flows 

• RADENC - Property knowledge doesn't 
justify this level of detail 

• PUMP - Unless pumps run during a 
LOCA this level of precision isn't 
justified 

7 July 2008 P GriffIth 7 

• 
Ideal component models 

• Schematic showing all flows in and out 

• Nodalization diagram 

• Identify which constituative relation(s) 
should be used for which application 

7 July 2008 PGrtffilh8 • 
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Conclusions 

• Rename the subroutines by component 
• Get a technical editor for the manual 
• Add new component models 

- PWR cores 
- Accumulators 
- Steam generators 
- Separators 
- FW heaters 
- MSRs 
- Flow splitting module 

7 July 2008 P Griffith 9 
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Summary & Conclusions 
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