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1 • UNITED STATES 

NUCLEAR REGULATORY COMMISSION 
WASHINGTON, D. C. 20555 

February 25, 1981 

MEMORANDUM FOR: Harold R. Denton, Director 
Office of Nuclear Reactor Regulation 

FROM: Robert B. Minogue, Director 
Office of Nuclear Regulatory Research 

'~--------SUBJECT:----- ··RESEARCH INFORMATION LETTER - #115----------------­
INDEPENDENT ASSESSMENT OF TRAC-PlA COMPUTER CODE 

l.o· INTRODUCTION 

The Research Information Letter (RIL) No. 92 dated June 1980 described 
the TRAC-PlA computer code for detailed, bes.t es.ti.mate analyses of PWR 
LOCA. Following the release of this code to the public in mid 1978, RES 
contracted with three national laboratories to undertake an independent 
assessment of TRAC-PlA capabilities. Results. of their efforts. are 
summarized herein. 

The TRAC-PlA code was superseded by the TRAC-PD2 code version when the 
latter was released to the public in October 1980. Hence, although this 
information letter describes stre.ngths and weakne.s.s.es of the fi.rst 
versi.on of TRAC code, the tnformation here contain~d wi.11 be very valuable 
in determining wh.ether sub st anti al improvements were made i.n the subsequent 
code versions.. Independent assessment of the new version (TRAC-PD2) was 
started i.n November 1980. 

The overall assessment of TRAC wi 11 span three to four versions. of that 
code as they are released to the public, starting with TRAC-Pl A. Results. 
of hundreds of the integral, separate. effects, ·and basi.c tests wi.11 be 
uti.lized over the next 4 to 5 years to quantiJy the. code accuracy~ Each 
new versi.on. of TRAC wtl l be subjected to independent assessment uti.l i.zing, 
primari.ly, new porti.ons of the code assessment matrix, wtth few repetitions. 
involving those test cases which were poorl,y predi.cted w.i th th.e previ.ous. 
version. RES plans to issue a research i.nformatfon letter describing 
results of independent assessment of each vers.i.on of TRAC and RELAP.-5 
code. The attempt will be made, in each code assessment Rll, to identi.fy 
the projected code accuracy for. LWR application. Rel i.ability of that · 
information wi 11 increase. wi.th each subsequent RIL as coverage of the 
assessment matrix increases. The overall code assessment matrix and 
assessment methodology are described in Reference 1. 
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2.0 SUMMARY.OF RESULTS 

The Brookhaven National Laboratory (BNL) provi.ded the bulk of the 
assessment of TRAC-PlA physical models. As part of this effort, the BNL 
staff first surveyed the code. documentati.on as well as FORTRAN listings 
to catalog all physical models, correlations, assumptions and data base. 
Next, they compared code results against measurements from about 33 
"basic tests" s.elected to illustrate strengths and weaknesses of the 

. adopted models:. In some instances, BNL performed sensitivity studi.es to 
examine consequences of c_ertain model changes. 

In addi.tion, Los Alamos Scientific Laboratory (LASL) staff also performed 
,____ ____ ~· ·comparisons of TRAC-Pl A- resul ts-·:agains·t--measurements from--several bask- ----

1-
1 

i 

L 

tests. Li.sttngs of all basi.c tests uti.li.zed in as.sessment of TRAC-PlA 
are shown in Table I. Also shown are the laboratory descriptions: (where 
the compari.son was made} and overall remarks concerning the code. 1 s 

. s tro.ng and weak poi.nts. observed in eacn comparison. -
. . -· 

A li:sting of about 25 Separate Effects: Tes.ts. utiJi:zed i.n the ass;es,sment 
of TRAC-PlA is shown in table II. LASL·was responsible for most of the 
compari.s.ons made i.n this area. -

The nine Integral Sys.terns Tests used i.n TRAC-PlA assessment are listed 
in Table. Ut. lt can be seen that TRAC-PlA analys.i.s of one of the LOFT 
tests (_L2.:.3) was performed by both LASL and the Idaho Nati.onal E.ngineeri.ng 
Laboratory (INELL This duplication was undertak.en to explore the. code. 
user's effect on calculati.on results .• As lo.ng as~ the code user has th_e 
liberty to sele.ct nodali.zation (discretization) of th.e system geometry 
and several input options, he wi.11 impact the code res.ul ts in some 
measure; we wished to know how much. ·one of the major goals in the 
development of advanced codes was to mini.~ize the usei impact. 

Finally, INEL was asked to "walk" the code thro.ugh several challengi._ng 
PWR LOCA scenarios whi_ch the code should be able to handle. They are 
listed i.n Table IV. 

The detailed description and discussion of all c~lculati.ons li.sted in 
Tab 1 es I thro_ugh IV a re. gi.ven in References 2 through 11. 

3.Q· 'OBSERVATIONS 

(1) TRAC-PlA can calculate a complete LOCA analysi_s.. Instances of 
"water pack.ing" have been encountered on vari.ous. occasions., 
requi.ri.ng restarts of calculational s_egments uti.li.zi.ng smaller 
ti.me steps. 

- ------ -----
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.(2) The code is capable of performing multidimensional analysis of 
the reactor vessel thermal hydraulics. The results are intuitively 
correct. Quantification of accuracy of the multidimensional 
analysis will be made in the future (and with a future version 
of TRAC) when the required measurements from 20/30 experiments 
become available. The code predicted the observed asymmetric 
refill through the LOFT downcomer. While BNL had difficulties 
i.n attemptfog to cal cul ate the 20 test performed at the Rensselaer 
Polytechnic Institute (RPI), Sandia staff successfully predicted 
the jet expansion in the HOR test series. 

{3)---The six field equation treatment of the vessel hydraulics----------­
allows for consideration of the thermal and mechanical non-
equilli.brium. The physical models deali.ng with the interfacial 
transport of mass, momentum, and energy are strongly dependent 
on the flow regime 11 map. 11 The latter is based on empi.rical 
observations pertinent to steady flows in vertically ori.ented 
pipes. Whi:le these simplificat1.ons appear to be adequate for 
the bubbly and the dispersed droplets flow regimes, current 
experi.ence indi:cates that more sophisticated criteri.a are 
needed for the intermediate flow regimes. Such criteri.a may 
h.ave to be speci.a 1 i zed to di fferen·t regions of the reactor · 
vessel, to depict global phenomena. · 

(4} Further improvements are warranted i.n the models for non­
equi.li.brium vapor generati:on and condensatton, for ltquid 
droplets entrainment and deposition, and for interfacial 
shear. Model fog of shear betwee.n the fl utd and the wetted 
walls. and, in particular, between th.e flui.d and the embedded 
fuel rods, also needs improvement. Better empirical data base 
is. needed to. generate an improved model for two-phase flow 
resistance offered by rod arrays when flows are not purely 
axi.al. 

(_5} Fuel rod quenching treatment in TRAC-PlA i.s superior to the 
reflood model tn the most recent RELAP code versi.on. Neverthe­
les.s, a need for a more mechanis:tic treatment of the quench 
front propagation was tdenti.ffed. Thes.e improvements were 
i.mplemented in TRAC-PD2. In addition, treatment of the cri.ti.cal 
heat flux i.n TRAC-PlA does not di.fferenti.ate between the 
departure from nucleate botl tng {_[)NB}_ and the burnout· or 
dryout. 

(6) Heat conducti.on within solids, other than the fuel rods, is 
calculated wi.th a lumped parameter model. Finer radial or 
lateral discretization is. necessary to handle hot wall effects 
which play an important role in the small-scale test facilities. 
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(7) A one-dimensional, five-field equation drift flux model, with 
full thermal non-equillibrium, is used in solving the transient 
two-phase flow within system components residin·g outside the 
reactor vessel. This includes piping, pressurizer, steam 

. generator, ECG accumulator, and valves. 

The difference between the vapor and the li.quid velocities is 
prescribed through a constitutive relations.hip which is a 
function of the local flow regi:me. · 

.. 

Inadequate empirical knowledge exists for specification of 
this s.o called relative velocity for situations: in whi.ch the 
vapor and the liquid flow in op~osite directions. Such situations 
ari.se i.n certain small-break scenari.os wtthin the U-tube steam 

;.-------------:-generator primary .tubi..ng and within the .. hot .. leg. __ The code does _____ _ 
not adequately handle the flow regimes in horizontal pi.pi.ng 

I: 

I -
! 
I 

when the fluid velociti.es. are low enough to cause phase 
separation. · 

Inability to handle phase separation in hori.zontal pipes and 
countercurrent flow in one-di.mensi_onal flow paths greatly 
li.mits the code ability to handle those small-break LOCA 
scenari.os where these processes play an important role. 

"(8} Treatment of the steam generator lS.G.) secondary side needs 
refinement in handl i.ng· the liquid separation, its downfl ow and 
thermal mixi.ng wi. th ·the upcoming feed fl ow. More accurate 
tracking of the S.G. li.quid level is also needed, and the 
abili:ty to model the relief and the i.solati.on valves. 

Improvements are also required in the treatment of heat exchange 
between the primary and the secondary si.des: in the presence of 
vapor condensation. 

(9). The cri.ti.cal flow through (pipe} breaks and thro.ugh reli.ef 
valves is. handled in a mecfJ_antsttc manner. Thi.s, how.ever, 
requires very detailed spati.al discretizati.on near the break. 
fully i.mplicit numeri.cal soluti.on technique is employed for 
these regions. to avoid the use of very small 'time steps .• 
Wb.i.le thi.s procedure appears adequate for analyses of la_rge 
and i.ntermedi:ate break sizes, it sttll presents. a calculational 
burden which has a detrimental effect on the code running time 
for very small-break sizes. The code. was not able to predict 
accurately the critical flow of highly subcooled liquid in 
s.ome of the Marvi.ken experiments. The BNL sensitivity studies 
i.ndtcate that the mai.n cause is: the mass exchange model whi.ch 
appears to ex_a_ggerate the local vapor proct_uction rate. BNL 
also recommends introduction of the nucleation delay model. 
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(10) The code also suffers from inadequate mass conservation. 
While its effect is not important in large-break LOCA analyses, 
i.t becomes very detrimental in small-break LOCA analyses. 

Some numerical diffusion was also observed, as in every other 
code that employs the Euleri.an fram of reference (_e.g., RELAP5, 
COBRA, etc.). . 

0 l) Improvements are needed in descri.bi..ng the fuel behavior--
cl ad ballooni .. ng,. gap conductance, thermal conductivity in fuel 
pellets, etc . 

. . CON CL US ION: 

The TRAC-Pl A code has s.h.own a capability to address many and di.verse 
transi.ents i.nvolvi..ng both. single and two-phase fluids. ·This was the 
first code capable of multidimensional treatment of the reactor vessel, 
with.i.n the context of the integral system analysis. 

' . ' 

In the course of a rather extensive independent assessment of the publicly 
released versi.on of that code, many weak points were indentified and 
communicated to the code developers. The development of the new version 
of TRAC (_TRAC-PD2} has greatly benefited from these fi.ndi.ngs, and 
attempts were made to ·remove as many of the identi.fied weaknesses as 
possible. We are told that TRAC-PD2 is a much more reli.able, economical, 
and accurate code as compared to its predecessor. Val i.di.ty of these 
cl aims wil 1 be carefully examined in th.e course of TRAC-PD2 ass.ess.ment 
currently underway~ · · 

Informati.on on the predictive capabi'l i ti.es: of the TRAC-PIA code. reported 
in this Research Informatfon Letter provi.des a reference for. ga.uging the 
pr.ogress made wi.th future vefsi:ons -0f TRAC. F.i.gure l illustrates the 
uncertai.nty in the TRAC-Pl A predicti.on of the peak cl ad temperature 
(.PCT} for the i.nt.egral systems tests addressed in this ass.essment, as a 
functi.on of the test facility scale. Extrapolation to full scale provides 
a very rough_ gui.dance regardi.ng the uncertai.nty in the prediction of PCT 
for LOCA in PWR plants. Reliabili.ty of thi.s type of informati.on will 
improve as more cases are addressed in the assessment of future code 
versions. 

TRAC-PlA represents the first version of an advanced systems code. 
11 Teethi_ng 11 problems were, therefore, fully expected and so is their 
removal, as the maturation process sets in. 
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Nevertheless, the TRAC code was found to be not only adequate but also 
essential for the large break LOCA analyses for PWR's, primarily due to 
strong multidimensional effects observed in some of the cases listed in 
Tab le IV. At the same time, and for the reasons given under i terns (7) 
thro_ugh (10) in the precedi_ng section, the TRAC-PlA code is not recommended 
for application to analysis of the small break LOCA, or for other transients 

·of lo_ng duration. For la_rge break PWR LOCA best estimate analysis TRAC-PlA 
is defi.nitely superior to RELAP-4/MOD 7. 

~ 
,,, ______________ ·---·--- obert B. Mi.n_ogue, Director 
i~ - ffice.of Nuclear R_egulatory Research 
' ' 

Enclosures: 
1. Table I-Basi.c Tes:ts. 
2. Table II-Separate Effects Tests 
3. Table UI-Integral Systems Tes.ts 
4. Table. IV-PWR tOCA Analyses 

-5. Figure 1-DiJf. Betw. the Pred. 
and the Meas. Peak. Clad Temp. 
as Fune. of Test Faci.l. Scale 

6. References 
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Nevertheless, the TRAC code was found to be not only adequate but also 
essential for the large break LOCA analyses for PWR's, primarily due to 
strong multidimensional effects observed in some of the cases lfsted in 
Table IV. At the same time, and for the reasons given under items (7) 
through (10) 1n the preceding section, the TRAC-PlA code is not recommended 
for application to analysis of the small break LOCA, or for other transients 
of long duration. For large break PWR LOCA best estimate analysis TRAC-PlA 
1s definitely superior to RELAP-4fl~OD 7. 

ORlGINA'C SIGNED BY: O. E. BASSE'IT 

Robert B. Minogue, Director 
-,-~~----- ~--~---~- -- ------------------------- ---

Office of Nuclear Regulatory Research 

Enclosures: 
1. Table I-Basic Tests 
2. Table II~Separate Effects Tests 

-- 3. Table III-Integral Systems Tests 
4. Table IV-PWR LOCA Analyses -
5. Figure 1-Diff. Betw. the Pred. 

- and the Meas. Peak_ Clad Temp. 
as Fune. of Test Fac11. Scale 

6. References 

RECORD NOTE: Walt Jensen (NRR) indicated that he has no objections 
to issuance of this RIL - February 3, 1981. 

*SEE PREVIOUS CONCURRENCES 

WRSR:ADB* WRSR:ADB* WRSR* RSR* RES* - RES* ................... ..................... ...................... . .................... ..................... . .................... 
SFabic:md FOdar CJohnson/ LShao .. ~k<'.iY:~in~ ....... B~~.inqg~-~ ...... 

-~················· ..................... ··Hsiff1:rvan···· ····················· 
• J .?/}Q/.~~L .. .. 1~/.~J./..~Q ...... l/.1 U.6J .......... .J.l.ZJ.tm ......... 2/18/81 . .. /. .. ./.~1 ....... . .................... 

RES* . ................... 
9.~~.if~?.~~t. .... 
... !..l~L ....... 



!f' :- . -

·---

r 
r 

·---- •---- e .- ---

Harold R. Denton 

w:---- -

6 

..- -
,.-,­
~-·-

Neverthele , the TRAC code was found to be not only adequate but also 
essential fo the large break LOCA analyses for PWR's, pr1mar11y due to . 
strong mu1t1d1 ns1ona1 effects observed 1n some of the cases listed 1n 
Table IV. At th~same time, and for the reasons given under items (7) 
through (10) 1n t~ preceding section. the TRAC-PlA code 1s not reconmended 
for application to analysis of the small break LOCA, or for other transients 
of long duration. For large break PWR LOCA best estimate analysis TRAC­
PlA 1s definitely supe ior to RELAP-4/~()D 7. 
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(11) Improvements are needed fn describing the fuel behaviori 
clad ballooning, gap conductance, thennal conductivity in 
fuel pellets, etc. 

COHCLUSI0~1 
. \ 

The TRAC-PIA\code has shown a capab11f ty to address many and diverse 
transients involving both single and two-phase fluids. This was the 
first code capable of multi-dimensional treabnent of the reactor vessel, 
within the context of the integral system analysis. . 

In the course of~ rather extensive independent assessment of the publicly 
released version of\ that code, many weak points were indentified and 
communicated to the -<(Ode <jevelopers. The development of the new version 
of TRAC (TRAC-PD2) has greatly benefited from these findings and attempts 

-~-~·were made to remove as·\many of the identified weaknesses as possible •. ________ ~ 
--- · We are told that TRAC-PD2 fs a much more reliable, economical, and~:·--··------·==--·-·: 

accurate code as compared to its predecessor. Validity of these claims 
will be carefully examined\in the course of TRAC-P02 assessment currently 
undenv-ay. 

·Information on the predictive'~apabilities of the TRAC-PIA code reported 
in this Research Infonnation Letter provides a reference for gauging the 
progress made with future versions of TRAC. Figure 1 illustrates the 
uncertainty 1n the TRAC-PIA prediction of the peak clad temperature 
(PCT) for the integral systems tests addressed in this assessment, as a 
function of the test facility scale.\ Extrapolation to full-scale provides 
a very rough guidance regarding the uncertainty in the prediction of PCT 
for LOCA in PHR plants. Reliability of\ this type of information will 
improve as more cases are addressed in the assessment of future code 
versions. ""' 

TRAC-PIA represents the first version of an'advanced systems code. 
"Teething" problems were, therefore, fully expected and so is their 
rer.1oval, as the ll)aturation process sets in. . \ 

Nevertheless, the TRAC code was found to be not on.ly adequate but also 
essential for the large-break LOCA analyses for PHRs, primarily due to 
strong multi-dimensional effects observed in some of, the cases listed in 
Table IV. At the same time, and for the reasons given under items (7) 
through (10) in .the preceding section, the TRAC-PIA code is not recormnended 
for application to analysis of the small-break LOCA, or'for other transients 
of long duration. 

Robert B. Minogue, Director 
Office of Nuclear Regulatory Research 

Enclosures: See next page 
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TABL~ I - ~ASIC TESTS '----------------.....---,.--.,--------------------------------------1 Contractor 
TEST CASE 

I~ Critical & Subcritical 
Flows 

A. Moby-Dick (Steady-State, 
Air-Water, Critical 
Flow) 

1. Zero Qua l ~ ty 
(subcritical) 

2. Low-intermediate 
Qualities (5 test 
conditions) 

3. High Quality 

B. Moby-Dick (Steady-State, 
Steam-Water, critical 
flow) 

C. KFK - IRE 
(Steady-State, critical 
flow) 

1. Cold Water 
(subcritical) 

2. Air-Water 

3. Steam-Water 

' 

Performing 
Analysis 

BNL 

BNL 

BNL 

Summary of Findings 

·code Strengths -!- · · · · · · · · ·Code Weaknesses· · · 

Pressure drop 

I 
Pressure drop - Void fraction 

Accurate pressure drop and flow 
rate with homogeneous friction 
option. 

Flow rate· is sensitive to fr'.f!ct1o!1.., 
factor option. W 

Not a smooth steady-state and flow. 

No convergence to a steady-state. 

No convergence to a steady-rate. 

Agreement of pressure flow rate and 
vapor fraction, with test data is 
below expectation • 

Vapor fraction calculation is good. Prediction of pressure arid flow rate 
be1ow expectation. i ·· 

---- ______________________ .:_ _____________ ......... _________ ..... ________ . 
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Table I - Page 2 

TEST CASE 

D. BNL Nozzle Tests 
(Steady~state) 

l run subcritical 
3 runs critical 

E. Canon Test 
(transient, .blowdown) 
(4 test conditions) 

F. Super Canon Test . 
(transient, blowdown) 
(4 test conditions) 

G. Edwards Test 
(transient, blowdown) 

H. CISE TEST 
(transient, blowdown 
with area changes, wall 
heat transfer, and 
gravitational effects) 

1. Unheated 

2. Heated 

Contractor 
Performing 
Analysis 

BNL 

BNL 

BNL 

LASL 

LASL 

··· r ·,~. ~·~1 

- -. I 

I 

1
summary of Findings 

Code Strenqths !· 
I 

Good agreement of pressure, ivoid 
friction and flow rates with that 
measured at high flow rates 

I 

Good prediction of pressure 1 until 
20 ms. 

Reasonable 
fraction. 

I 

; 

prediction of vapor ~ 

I 

i Reasonable · predictions of pressure 
and tempera tu re. [ · 

I 

I 

I 
I 
I 

Good prediction of pressur~, 
temperature and mass inventory. 

I 
I 

·code Weaknesses 
Under-predict1on of mass. fl ow rate 
for subcooled inlet conditions •. 
Poor agreement .with pressure at, low 
flow rateso 

Overprediction of vapor fraction.~ 
Poor predictions of pressures ~ 
after 20 ms. 

Poor prediction of pressure during . 
the entire transient. 

Required .additive friction factor. 

Predict1on of pressure and .... 
·temperatures below expectation. 
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Table I - Page 3 

iEST CASE 

u. Counter-Current Flow 

A. University of Houston 

B. Dartmouth 

III. Multi-dimensional Steady-
State Tests 

A. RPI, 2-D Phase 
Separation Tests 
(8 test conditions) 

B. FRIGG Rod Bundle 
Test 

··-----·--··· 

Contractor 
Performing 

· Analvsis - . . . . 

BNL 

LASL 

BNL 

BNL 

---·-------~1 

...... :" ... '\ : 

Summary of Findings ' 

..... ·code Strengths . . . . . . ....... ·code Weaknesses·· -I 

· 1 

Constitutive relationships do not i 
I 

permit calculation of counter-current I 

flow in ·a pipe component in churn-
'turbulent and annular flow regimes. 

i 
Same comment as above. Possibly • 

I to inappropriate riodalization of t -
- - - - - - upper plenum. - . 

Code either failed to converge or 
stopped, stating indefinite or 
overflow conditions. 

r 

Code failed to converge. 

e 

I 

-



TABLE I I -. SEPARf\T.E .. EFFE.CTS T.EST.S ... !- .. 

TEST CASE 

I. Marviken Tests 
(Full-scale Vessel Blow­
down} 

(16 test conditions} 

II. Battelle-Frankfurt 
{Int. Std. Problem­
Top Blowdown} .· 

III. Semiscal 1-1/2 loop 
Isothermal Blowdown 
(Test 1011, Stdo Probo 2} 

IV. Semiscale Mod-1 Heated 
Loop Blowdown 
(Test S-02-8} 

Contractor 
Performing 
Analysis·. · · · 

BNL & LASL 

BNL & LASL 

LASL 

LASL 

V. Crease Counter-Current LASL 
Flow Test 
(Counter-current flow, 

ECC bypass and penetration, 
4 subcases run) 

VI. FLECHT Reflood· Tests 
(forced-bottom-flooding, 
reflood heat transfer, 
quenching and liquid 
entrainment} 

(3 test conditions} 

I 

LASL 

Summary of Findings 
. Code StrenQthS .... i' . . . . . . . . . . . . . . Code Weaknesses .. 

I 
Reasonably successful predictions 
of critical flow rates for 
saturated inlet conditions•. 

Hot leg break flow rate, system 
pressure and temperatures are 
well predicted. 

I 

Underpredictfon of critical flow rates 
for subcooled inlet conditions. 
This becomes more pronounced for 
nozzles with small length-to- .~ 
~iametet tatio. · · 

Prediction of critical flow rate fo~ 
steam and two-phase steam-water we~ 
not as good as expected. Possible 
experimental errors. Numerical 
diffusion observed. 

Prediction of cold leg break flow rate 
below expectation. ' 

Reasonable predictions of pressure, Premature CHF. 
break flow rates and loop mass 
flow rates. ! 

i 
I 

Good predictions of ECC bypass and 
penetration using the vessel , 
module-

Good predictions of clad ! 
temperatures for high flooding 
rate. 

Poor prediction of turnaround time, 
quench time and quench temperatures 
for low flooding rates. 
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TABLE III INTEG~AL SYSTEMS TE~T~' .. 

•. .. ,. 
,.,. 
(' 

.;: 
I 
l 
I· ..;_...._ ________________ ....----.,.----------------------------------------.fl 

Contractor Summary of Findings . f 
. iEST CASE Performing n-----~-----------~---------------~ i 

-------------~A~na~l~Y~:s~1s=--· ___ .. -1-_ .. _._ .. _._·_·_·~c~o~de=·~s~t~re=n~1Q~t~hs=----~·-·---·_·_ .. _·_·_·_·_·~co~d~e;_.;.;.We~a~k~n~es~·s_e~s-·_·_· ____ ~; 

i· I. Semiscale Mod-3 
I · (Large Break LOCA Test, I Test S-07-6) 
·: 

LASL 
., 

Reasonable agreement with test! Poor agreement during refill and l 
data during the blowdown. · and reflood, due to combination of .[ 

code weakness in ~alculating down- I 
comer·penetration, reflood heat · ~1 
transfer, liquid entrainment and i 

·uncertainties in downcomer metal l 
heat transfer. · 1 

' - t -------------+--------1-------------~l---1----""---------------.;~ 
! ! ~ 

IV. LOFT Ll-4 
(Isothermal blowdown with 
delayed ECC injection) 

LOFT Ll-5 
(Isothermal blowdown) 

LOFT L2-2 
(Large break LOCA Test, 

50% power) 

LASL 

LASL 

LASL 

Adequate prediction of clad . I Prediction of mass flows including Ir 
temperature when CHF was calculated break flow rates, pressures, ; I 
correctly. i densities, and fluid temperatures , 1 

11

1 below expectation. Poor prediction !, 

of refill. 

Accurate prediction of peak clad 
temperature. Accurate predictions 
of CHF at different elevations. 

I . . I 

Good predictions of mass flow I 
rates, fluid temperatures, j 

densities, pressures and vess~l 
liquid mass. Good representation 
of integral effects during the 
blowdown and refill phases. ' 

Good predictions of system 
pressure and densities. 

I 

Good prediction of system pressure, 
temperatures, ECC behavior and 
cladding temperatures at peripheral 
rods includi.ng rewet behavior~ 

Predictio·n of pressures• fl ui.d 
temperatures· and .. mass fl ow rates · 
below e~pectation. 

i 

a ,[ 
., l 

Calculated liquid inventory in the 
core is lower than that in the test. 

Poor agreement in calculating rewet 
in high powered region. However, 
there.is uncertainty in measurement 
of clad temperatures due to fin 

., 

: -
-- ' .... ____ ,, ... - ----------------~------------------------------....-
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Table III - Page 2 

TEST CASE 

LOFT L2-2 (continued} 

LOFT L2-3 
(Large break LOCA Test, 
75% power} 

LOFT L2-3 
(Large Break LOCA Test, 

75%. power} 

LOFT L3-0 
(Isothermal blowdown 
through PORV} 

LOFT L3- l 
(Small Break LOCA Test, 
100% power} 

Contractor · 
Performing 

. . Analysis 

LASL 

INEL 

LASL 

LASL 

. . . 

...... i ... 
' 

Summary of Findings 
.......... 

! ··code Strenqths 

Reasonable prediction of system 
pressure, temperatures, ECC . 
behavior and cladding temperatures 
at peri phera 1 rods including 

1 
rewet 

behavior. 

Reasonably good agreement with 
experimental data early in the 
transiento 

· · · · · · · · · ·code weakne$Ses· · · 

effects which could also be 
responsible for overpred1ction of 
peak clad temperature in high 
powered region. Underprediction of 
critical flow in subcooled.inlet 

·conditions. 

Same weaknesses as in L2-2 

Failed to predict positive core inlet 
flow early during the LOCA and 
consequently failed to predict rewet. 
Predictions of break flow rates, 
pressures, pressure differentials, 
densities, and clad temperatures 
below expectation. 

Inaccurate calculation of mass 
conservationo Accuracy of predictions 
of all parameters also suffered from 
uncertainties in internal vessel , 
leakage (downcomer to upper plenum . 
and in additive system leakage beyond 
flow. 

Same weaknesses as in L3-0 

---~~~~~~--~---------------------.--..._,,_,._ __ .....,,.. ... ...., ..... ...,.._.._...._.._._.,._.. __ ... ...,_._.. ......... ._..,,..._._._..._. ... _.-.-~,I 



LOCA Scenario 

:1. Large Cold Leg Break 
(200%) 

2. Intermediate Cold Leg 
Break (Oe25m-diameter) 

3. Small Cold Leg Break 
(O.lOm-diameter) 

4. Large Cold Leg Break 
with rupture of steam 
generator tube(s) 

(Two cases, one with 
small and the other 
with large number of 
tubes) 

5. Large Hot Leg Break 
(200%) 

6. Large Hot Leg Break 
with rupture of 16 steam 
generator tubes 

-r··~··-'· --~---·- -

TABLE IV - PWR LOCA ANLAYSES 

I 
Qualitative Assessment of Code Performance ~nd of Results 

Satisfactory and reasonable. 

? 
• ! 

Satisfactory and reasonable. 

Results not reasonable. ~ 

I 
Satisfactory and reasonable. Important 3-0 effects observed in results. 

Satisfactory and reasonable. 

Satisfactory and reasonable. 

! I 

i i 
' I 

' : : 

i : 
··----

1 
i. 
I 



. +200 

-100 

-200 
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