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ABSTRACT 
,i 

This report presents selec~~d results of posttest RELAP4 modeling 

of LOFT loss-of-coolant experim~nt Ll-3A, a double-ended isothermal cold 

leg break with lower ·plenum emergency core coolant injection. Com

parisons are presented between the pretest prediction, the posttest 

analysis, and the experimental data. It is concluded ·that pressurizer 

modeling is important for accurately predicting system behavior during 

the initial portion of saturated blowdown. Using measured initial 

conditions rather than nominal specified initial conditions did not 

irifluence the syste~ model results significantly. Using finer nodaliza

tion in the reactor vessel improved the prediction of the system 

pressure history by minimizing steam condensation effects. Unequal 

steam condensation between the downcomer and core volumes appear to 

cause the manometer oscillations observed in both the pretest and 

posttest RELAP4 analysis. 

iii 



ACRONYMS 

ECC Emergency Core Coolant 

ECCS Emergency Core Cooling System 

EOS Experiment Operating Specification 
ESF Engineered Safety Features 
HPIS High-Pressure Injection System 
LOCA Loss-of-Coolant Accident 

LOCE Loss-of-Coolant Experiment 

LOFT Loss of Fluid Test 

LPIS Low-Pressure Injection System 

LPWR Large Pressurized Water Reactor 

iv 



· .. 

CO~TENTS 

ACKNOWLEDGMENTS. ii 

ABSTRACT iii 

ACRONYMS iv 

1.0 INTRODUCTION. 1 

2.0 · POSTTEST -MODELING OF LOFT EXPERIMENT Ll-3A WITH RELAP4/MOD5 11 

2.1 Modeling the LOFT Pressurizer and the Effects of Pres-
surizer Modeling on Early Slowdown Behavior. 11 

2.2 Overall Modeling Changes and Justification . . 30 

2. 2.1 
. 2. 2,2 

Improved Pressurizer Modeling . 
Using Measured Experiment Ll-3A Initial 

2.2.3 
2.2.4 
2.2.5 

Conditions. . . . . · 
RELAP4 Nodalization 
ECC Modeling. 
Code Changes. 

2.3 Data Comparisons .. 

2.3. 1 Early Slowdown System Behavior. 
2.3.2 System Behavior After ECC Injection 
2. 3. 3 Overall System Behavior 

.• 

30 

31 
31 
34 
35 

35 

35 
44 
54 

3.0 CONCLUSIONS· 74 

4.0 REFERENCES. 75 

APPENDIX A-- INPUT AND TIME= 0.0 LISTING FOR THE NEW PRESSURIZER 
MODEL RELAP4 RUN (RELAP4 RUN Ll35-A23) . . . . . . . 77 

·APPENDIX B -- INPUT AND TIME= 0.0 LISTING FOR THE POSTTEST ANAL-
YSIS RUN (RELAP4 RUN Ll35-A22) . . . . . . . . . . . 137 

FIGURES 

1. LOFT major components . . . . . . . 

2. LOFT thermo-fluid measurements instrumentation. 

3. LOFT piping and instrument diagram. 

4. LOFT reactor vessel instrumentation 

v 

6 

8 

9 

10 



5. Comparison of RELAP4 predicted and experimentally measured 
pressure in pressurizer ............ . 

6. Comparison of RELAP4 predicted and experimentally measured 
liquid level in pressurizer ............... . 

7. Comparison of RELAP4 predicted and.experimentally measured 
pressure in intact loop .................. . 

8. Comparison of RELAP4 predicted and experimentally measured 
density in intact loop:cold leg ............. . 

9. Comparison of RELAP4 predicted and experimentally measured 
density in intact I oop hot 1 eg. . . . . . . . . . . . . -. . 

10. Comparison of ~~LAP4 predicted and exper1menta11y measured 
density in intact loop between steam generator outlet and 

14 

14 

. ·15 

16 

17 

pump inlet. . . . . . . . . . . . . . . . . . . . . . . . . 17 

11. Comparison of RELAP4 predicted and ~xperimentally measured 
density in broken loop cold leg . . . . . . . . . . . . . . 19 

12. Comparison of RELAP4 predicted and experimentally measured 
density in broken loop hot leg. . . . . . . . . . . . . . . 19 

13. RELAP4 model schematic for LOFT cold leg break configuration 
at t = 0.2 second . . . . . . . . . . . 21 

14. RELAP4 model schematic for LOFT cold leg break configuration 
-at t = 0.4 second . . . . . . . . . . . 23 

15. RELAP4 model schematic for LOFT cold leg break conf~~uration 
at t = l. 6 seconds. . . . . . . . . . . . . . . 25 

16. RELAP4 model schematic for LOFT cold leg break configuration 
at t = 3 seconds. . . . . . . . . . . . . . . . . . . . . . . . -27 

17. RELAP4 model schematic for-LOFT cold leg break configurati9n 
at t = 5 seconds ..... , . . . . . . . . . . . . . . . 29 

18. RELAP4 .. model schematic for the pretest prediction of LOFT 
Experiment Ll-3A ....... _. . . . . . . . . . 32 

19. RELAP4·.model schematic for the posttest analysis of LOFT 
E_xperdment Ll-3A. . . . . . . . . . . . . . . . . . . . . . . '33 

20. Comparison of RELAP4 calculated and experimentally measured 
fluid temperature in intact 1 oop co 1 d 1 eg . ·. . . . . . . . 36 

21. Comparison of.RELAP4 calculated and experimentally measured 
fluid temperature in intact loop hot Jeg. . . . . . . . . . 36 

vi 

() 
I> 



22. Comparison of RELAP4 calculated and experimentally measured 
fluid temperature in broken loop cold leg . . . . 37 

23. Comparison of RELAP4 calculated and experimentally measured 
fluid temperature in broke~ loop hot leg. . . . . . 37 

24. Comparison of RELAP4 calculated and experimentally measured 
pressure in intact loop cold leg. . . 39 

25. Comparison of RELAP4 calculated and experimentally measured 
pressure in broken 1 oop hot 1 eg . . 39 

26. Comparison of RELAP4 calculated and experimentally measured 
density in intact loop hot leg. . 41 

27. Comparison of RELAP4 calculated and experimentally measured 
density in broken loop cold leg . . . 41 

28. Comparison of RELAP4 calculated and experimentally measured 
differential pressure across primary coolant pump 43 

29. Comparison of RELAP4 calculated and experimentally measured 
differential pressure across steam generator. 43 

30. Comparison of RELAP4 calculated and experimentally measured 
volumetric flow rate from accumulator . . 45 

31. Comparison of RELAP4 calculated and experimentally measured 
volumetric flow rate from LPIS. . . . . 45 

32. Comparison of RELAP4 calculated and experimentally measured 
pressure in ECC injecti·on line. . . . . 46 

33. Comparison of RELAP4 calculated and experimentally measured 
pressure in core simulator. . . . . . . . . . 47 

34. Comparison of RELAP4 calculated and experimentally measured 
pressure in core simulator. . . . . . . 47 

35. Comparison of RELAP4 calculated and experimentally measured 
fluid temperature in lower plenum at 0.54 meters above reactor 
vessel bottom . . . . . . . . . . . . . . 49 

36. Comparison of RELAP4 calculated and experimentally measured 
fluid temperaure in downcomer at 0.74 meters above reactor 
vessel bottom . . . . . . . . . . . . . . . . . . . . . 49 

37. Comparison of RELAP4 calculated and experimentally measured 
fluid temperature i~·downcomer inlet annulus at 4.81 meters 
above reactor vesse 1 bottom . . . . . . . . . . . . -. . 50 

38. Comparison of RELAP4 calculated and experimentally measured 
fluid temperature in core simulator . . . . . . . . . . . . 50 

Vii 



39. Comparison of RELAP4 calculated and experimentally measured 
momentum flux in downcomer. . . . 52 

40. Volume weighted average void fraction in .lower plenum from 
posttest analysis run . 52 

41. Volume weighted average void fraction in downcomer from 
posttest analysis run . 53 

42. Volume weighted liquid fraction in lower plenum, downcomer, 
and inlet annulus from posttest analysis run. .. 53 

41. Comparison of RELAP4 calculated and experimentally measured 
density in broken loop cold leg 55 

44. Comparison of RELAP4 calculated and experimentally measured 
density in broken 1 oop hot 1 eg. . . 55 

45. Comparison of RELAP4 calculated and experimentally measured 
density in intact loop cold leg . 56 

46. Comparison of RELAP4 calculated and experimentally measured 
density in intact loop hot leg. . 56 

47. Comparison of RELAP4 calculated and experimentally measured 
density in intact loop between steam generator outlet and 
pump inlet. . . . . 57 

48. Comparison of RELAP4 ca I cul ated and exper iml:!nlally measured 
liquid level in pressurizer . . . . . . 58 

49. Comparison of RELAP4 calculated and expl:!r·i~entally measured 
pr@ssur& in prc~surizer . . 59 

50. Comparison of RELAP4 Calculated and experimentally measured 
pressure in primary system. . . . . . . . 59 

51. Comparison of RELAP4 calculated and experimentally measured 
pressure in steam generator secondary side. . . . . 61 

52. Comparison of RELAP4 calculated and experimentally measured 
temperature in downcomer in steam generator secondary side. 61 

53. Comparison of RELAP4 calculated and experimentally measured 
fluid temperature in broken 1 oop co 1 d 1 eg . . . .. . 62 

54. Comparison of RELAP4 calculated and experimentally measured 
fluid temperature in intact loop between steam generator 
outlet and pump inlet . . . . . . . . 

55. Comparison of RELAP4 calculated and experimentally measured 

63 

fluid temperature in intact loop cold leg . . . 63 

viii 



56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

I. 

Comparison of RELAP4 calculated and experimentally measured 
speed of primary coolant pump l . . . . 

Comparison of RELAP4 calculated and experimentally measured 
differential pressure across primary coolant pumps. 

Comparison of RELAP4 calculated and experimentally measured 
fluid velocity in intact loop cold leg. . ... 

Comparison of RELAP4 calculated and experimentally measured 
momentum flux in intact loop cold leg . . . 

Comparison of RELAP4 calculated and experimentally measured 
fluid velocity in intact loop between steam generator outl.et 
and pump inlet. . · . . 

Compa~ison of RELAP4 calculated and experimentally measured 
fluid velocity in reactor vessel downcomer. . 

Comparison of RELAP4 calculated and experimentally measured 
fluid velocity in broken loop cold leg. 

Comparison of RELAP4 calculated and experimentally measured 
mass flow rate per system volume in broken loop cold leg. 

Comparison of RELAP4 calculated and experimentally measured 
differential pressure across broken loop cold leg . 

Comparison of RELAP4 calculated and experimentally measured 
differential pressure across broken loop cold leg break plane 

Comparison of RELAP4 calculated and experimentally measured 
mass flow rate per system volume in broken loop hot leg . 

Comparison of RELAP4 calculated and experimentally measured 
differential pressure across broken loop steam generator 
simulator . . · 

Comparison of RELAP4 calculated and experimentally measured 
differential pressure across broken loop pump simulator . 

TABLES 

Nomenclature for LOFT Instrumentation . . . 

ix 

65 

65 

67 

67 

68 

68 

70 

70 

71 

71 

72 

73 

73 

7 



POSTTEST RELAP4 ANALYSIS OF LOFT EXPERIMENT Ll-3A 

1.0 INTRODUCTION 

The purpose of this report. is to document some of the posttest 

RELAP4 analyses performed for nonnuclear Experiment Ll-3A which was 

conducted in the Loss-of-Fluid Test (LOFT) facility. The various 

improvements made in modeling the LOFT system and how these improvements 

have increased the agreement between the calculations and the LOFT 

experimental data are discussed in this report. 

Section 2.0 discusses the changes in RELAP4 calculated results for 

LOFT Experiment Ll-3A due to the following changes in modeling: 

(1) Effects of pressurizer modeling 

(2) Effects of using measured instead of specified initial condi

tions on early blowdown behavior 

(3) Effects of new reactor vessel nodalization during the emer-

gency core coolant (ECC) injection phase 

(4) Effects of changed ECC modeling 

(5) Effects of code changes 

(6) Overall effects of modeling changes in calculated transient 

r~sponse. 

Section 2.0 also contains a description and justification of the 

modeling changes in the RELAP4 analysis of Experiment Ll-3A. 
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Section 3.0 presents conclusions drawn from the information 

presented and discusses the need for further modeling improvements. 

The appendices contain supplemental information about the RELAP4 

analysis presented in this report. 

LOFT Experiment Ll-3A was a repeat of Experiment Ll-3, which was 

the third in a series of five nonnuclear isothermal blowdown tests 

conducted by the LOFT Program. For these tests the LOFT system was 

configured to simulate a loss-of-coolant accident (LOCA) in a large 

pressurized water reactor- (LPWR) resulting trom a ?00% uvyble ~nded 

shear break in a cold leg of the primary coolant system. As outlined in 

Volume 2 of the experiment operating specification (EOS)[l, 2J, the 

specific objectives of Experiment Ll-3A include, in addition to facility 

checkout, operator training, and procedure checkout: 

(1) Comparison of break .flow data with predictions 

(2) Measurement of pump resistance and coastdown characteristics 

(3) Determination of system performance with ECC injection into 

the lower plenum 

(4) Determination of two-phase flow resistance for various system 

components 

(5) Evaluation of scaling effects for various primary system 

components 

(6) Evaluation of effects of intact loop resistance by cum~ar1soh 

with corresponding results from Experiment Ll-2. 

The objectives of th~ LOFT Experimental Proyr-am are: 

(1) To provide data required to evaluate the adequacy and improve 

the analytical methods currently used to predict the LOCA 
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(2) 

response of LPWRs. The performance of 

features (ESF) with particular emphasis on 

cooling systems (ECCS) and the quantitative 

inherent in the performance of the ESF 

interest. 

engineered safety 

emergency core 

margins of safety 

are of primary 

To identify and investigate any unexpected event(s) or 

threshold(s) in the response of either the plant or the ESF 

and develop analytical techniques that adequately describe and 

account for such unexpected behavior. 

Several series of experiments have been planned to meet the program 

objectives. The first series of experiments consists of five nonnuclear 

tests designated Ll-1 through Ll-5. For Tests Ll-1 through Ll-4, a core 

simulator is installed in the reactor vessel to provide a pressure drop 

representative of the LOFT nuclear core. The nuclear core will be 

installed for Test Ll-5, but it will not be active during the test. 

The major purposes ,of the nonnuclear test series are[4]: 

(1) To determine that the equipment/systems function properly 

(2) To demonstrate that the entire test facility can withstand the 

structural loads of blowdown 

{3) To determine that the blowdown test procedures are adequate 

(4) To provide experience to operators prior to nuclear tests 

. 
(5) To obtain isoth~rmal loss-of-coolant experiment (LOCE) data 

for comparison with similar data from other experimental 

programs and to experimentally verify thermal-hydraulic system 

behavior prior to nuclear blowdown. 

Prior to each LOFT experiment, the experiment is modeled and run on 

the comput~r· using the ~ELAP4 computer code. This provides a prediction 

3 



of LOFT system responses during a LOCE. Some of the more important 

reasons for doing an experiment prediction are t_o: 

(1) Determine whether a test will meet its stated objectives 

(2) Evaluate parameters that affect the safety of the. facility 

during the intended test 

(3) Proviqe input to the operating procedure for event times 

(4) Provide information or possible ~nstrument range adjustments 

(5) Provide information to evaluate the capability of the modeling 

techniques employed in experiment !Jn~di ct ion analysis. 

From the data acquired from the experiment prediction analysis, an 

experiment prediction document is prepared. This document is issued 

approximately 1 month prior to the_ experiment, and it provides: 

(1) Comprehensive pretest preditt1ons for those test param~ters 

which are related to the specific objectives of the particular 

LOCE, and which arc illustrative of how these obj&ctives are 

accomplished 

(2) Detailed pretest predictions for each measurement transducer 

to be recorded during the LOCE with the exception of strain 

gage~ and accelPrnmeters 

(3) A description of the ~alculational techni4ues used in 

p~rforming the pretest predictions. 

After an experiment is performed, the data are compared with the 

predicted data in a quick-look re~ort. Th~ experimental data are then 

presented fully in an experiment data report. The experimental data are 

compared extensively to the predicted data, and parametric studies are 

undertaken to improve the modeling techniques. This is done not in the 
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sense that code 11 tuning 11 is done but to better understand and model the 

actual physical processes that are observed in the experimental data. 

The posttest analysis reports document the more important analysis which 

is done after the test is performed. 

A detailed description of the LOFT system can be found. in 

Reference 3. The major compon,ents of the LOFT system are shown on 

Figure 1. Nomenclature for the LOFT instruments is listed in Table I, 

and locations of the experimental transducers are shown on Figures 2 

through 4 . 
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TABLE I 

NOMENCLATURE FOR LOFT INSTRUMENTATION 

The designations for the different types of transducers are as follows: 

1. TE 
2. TT 
3. PE 
4. PT 
5. PdE 
6. PdT 
7. LE 
8. LT 
9. FE 

10. FT 
11. AE 
12. DiE 
13. ME 
14.. SE 
15. RpE 
16. DE 
17. LIT 
18. cv 

Temperature element 
Temperature transmitter 
Pressure transducer 
Pressure transmitter 
Differential pressure element 
Differential pressure transducer 
Coolant level transducer 
Level transmitter 
Coolant flow transducer 
Flow transmitter 
Accelerometer 
Displacement transducer 
Momentum flux transducer 
Str·ai n gage 
Pump speed transducer 
Densitometer 
Level indicating transmitter 
Control valve 

The designations for the different systems, except for the core, are as 
follows: 

1. PC Primary coolant intact loop 
2. BL Slowdown loop 
3. SG Steam generator 
4. RV Reactor vessel 
5. MTA Test assembly 
6. sv Suppression tank 
7. cs Core simulator 
8. UP Upper plenum 
9. LP Lower plenum 

10. ST Downcomer stalk 
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2.0 POSTTEST MODELING OF LOFT EXPERIMENT Ll-3A 

WITH RELAP4/MODS 

2.1 Modeling the LOFT Pressurizer and the Effects of Pressurizer 

Modeling on Early Slowdown Behavior 

This section of the report describes modeling of the LOFT 

pressurizer using the RELAP4 computer code[SJ, and how the system 

transient is affected by changed pressurizer modeling. 

After reviewing the results of LOFT Experiment Ll-3A[ 6J, it was 

apparent that the pressurizer in the RELAP4 pretest prediction run 

tended ·to empty too fast[ 7J. This was evidenced by comparisons between 

the RELAP4 predicted and experimentally measured pressurizer pressure 

and liquid level in the pressurizer; As stated in Reference 6, the 

pressurizer and surge line are modeled as two volumes, with a single 

junction connecting the pressurizer to the surge line, and a single 

junction connecting the surge line to the intact loop hot leg piping. 

After checking the inputs to the RELAP4 code, it was apparent that 

no serious input error was made in the geometric description of the 

pressurizer and the pressurizer surge line. Various parametric studies 

were run in which the pressurizer surge line was divi-ded into two and 

three volumes with the total resistance of th~ junctions being 

correspondingly divided. It was found that modeling the surge line with 

more than one control volume had only a slight effect on the pressurizer 

outlet flow rate, and the computer running time increased considerably. 

Investigation was then made on the effect of Fanning and single

phase form-loss ·coefficients on calculated pressurizer discharge flow 

rates. Since a choked flow condition was predicted to exist at the 

pressurizer surge line to intact loop piping junction, the effect of the 

critical flow contraction coefficient was also investigated. The result 

of these investigations led to a new RELAP4 pressurizer model. This new 

RELAP4 model had the following changes: 
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(1) A slight increase in single-phase form l~sses was made due to 

losses in the surge line nozzle, including the effects due to 

turning losses, losses in the surge line nozzle inlet screen, 

and losses due to expansions and contractions in the surge 

line nozzle. 

(2) An increase in the form loss was made due to the pipe bends in 

the pressurizer surge line. 

(3) An increas~ in the form loss was made due to the difference in 

Fanning losses between smooth piping and rough piping. RELAP4 

uc;es the Kannan-Nikur·auase eQuation for c~lculating the 
Fanning friction factor for turbulent flow[ 5J. This relation 

is strictly applicable to smooth pipes and for long runs of 

small diameter pipe which leads to an understatement of 

Fanning losses. 

(4) Separate two-phase multipliers were applied to the Fanning and 

form loss increases discussed above to r.tccount. for two-phase 
effects[B]. 

(5) 

(6) 

A contraction coifficient 
pressurizer surge line outlet 

effect of the final bend 

of o. 75 

junction 

on the 

was applierl to the 

to account for the 

critical flow rate. 

Reference 9 discusses critical compressible flow in elbows. 

Subsequent modeli~g studies have shown that applying the 0.75 

contraction coefficient reduces the flow by only a few 

percent, not by 25% as was i nit i u lly expoctcd. 1\pp lying the 

contraction coefficient tends to increase th~ upstream 

pressure in such a way as to offset the contraction 

coefficient change. 

A 30% reduction in the bubble velocity in the bubble rise 

model in the pressurizer was implemented to account for the 

lower buoyancy effect due to the higher pressures in the 

pressurizer. 
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(7) A slight increase was made in the elevation of the junction 

between the pressurizer and the pressurizer surge line. This 

was done to establish the elevation of th~ pressurizer surge 

line nozzle above the bottom of the pressurizer. 

After the new pressurizer model was developed and incorporated into 

the RELAP4 model of the LOFT system, a run was made (designated as 

Ll35-A23). This run was identic~l 'to the pretest prediction run 

(designated as Ll35-B5) ·· except for the pressurizer model and the 

pressurizer initial liquid volume. An input listing and time zero 

output listing of this run are included in Appendix A. The input to the 

pretest prediction RELAP4 run may be found in Reference 7. 

Figures 5 and 6 show comparisons between the RELAP4 predicted and 

the measured pressurizer pressure and pressurizer liquid levels. Asccan 

be seen from these figures, the pressurizer emptying rate in the ne~ 

model is much closer, but slightly under the experimental data. The 

.effect of changing the junction elevation of the pressurizer outlet 

junction can be seen in Figure 6, which shows a discontinuity in the 

pressurizer level versus time curve at approximately 0.1 metre. 
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Figure 7 shows a comparison of the calculated and measured 

pressures in the intact loop. The differences in primary system 

pressures in the RELAP4 runs were an unexpected result. Careful 

analysis of the RELAP4 outputs revealed that the primary system 

pressures after the end of subcooled blowdown c~o.2 s) tend to be 

controlled by the saturation pressure of the control volume in the 

primary system which has the highest·temperature. In the two RELAP4 
runs, ·this proved to be the vo 1 umes in the intact 1 oop hot 1 eg. By 

reducing the pressurizer discharge flow of high enthalpy fluid, the 

energy input into the intact loop was decreased and the temperature in 

the intact loop was lowered. 

<( 
Q. 
r 

IU 
0 
0 
I 
u 
Q. 
I .... 

Q. 

.... 
cr 
:::> 
(/) 
(/) .... 
cr 
Q. 

Fig. 7 

7.5 

7.0 

6.5 lor\ 
~ ~-

r--:: -- :-:-e. --- :--.. ........._ ,....__ ........... ..._ ......... 6.0 
u-...;;:: 
~ ........ 
~ 

["'5!!1. 

5.5 ~ 

•... 
,. •k- .... 

5.0 

-5.0 o.o 5 .. 0 10.0 15.0 

TIME A~TER RUPTURE CSECl 

OOT•Ll-3A DATA, SQUARE•PRETEST RELAP4, TRIANGLE•LJ35-A23 RELAP4 

Comparison of RELAP4 predicted and experimentally measured 
prP.ssure in intact loop. 

15 



Figures 8, 9, and 10 show comparisons between calculated and 

measured densities in the intact loop. In essentially every case, 

changing the pressurizer model has allowed the fluid to begin to flash 

earlier. This allows for better comparisons between RELAP4 and the 

experimental data for the first 5 seconds of blowdown. In Figure 9, the 

agreement between RELAP4 and the experimental data has been markedly 

improved for the first 4 seconds of blowdown. Analysis of the RELAP4 

output shows that a flow reversal takes place in the hot leg at 

approximately 4.5 seconds after rupture in the RELAP4 run with the new 

prc~~urizQr monel. When this occurs, the density of the fluid moving 

past the junction at which the density is.computed takes a sudden chanyl:! 

to a lower value. The experiment behaved in a similar fashion, except 

the density drop takes place at approximately 6 seconds after rupture. 
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Figures 11 and 12 show comparisons of calculated and measured 

densities in the broken loop. Here again, an earlier flashing of fluid 

is sh·own in the RELAP4 run with the new pressurizer model. 

18 



,.., 
r 
..... 
0 

·'• r 

-
0 
0 
I 
.J 
III 
I 

w 
0 

~ .... -(/) 

z 
w 
0 

w 
0 
cf 
cr 
w 
> 
cf 

Fig. 11 

,.., 
r 
..... 
0 
r 

1\J 
0 
0 
I 
.J 
III 
I 
w 
0 

~ .... -(/) 
z 
w 
0 

w 
0 
cf 
cr 
w 
> .. 

Fig. 12 

o.e 

~ ~ I'"-, '""' 
0.6 

"'V 

~ ~ 
'151... 

['.. 
~ I'&.. 

\ ........... 
~ 

!"'---~ 
' 

!"'\ I'-. " 
0.'+ 

\_ 
.......... .........., ~ 

~ 

\ 
~ 

~ ~ 

0.2 

'-~ ~ r--. 

o.o 
. -5° 0 o.o 5.0 10.0 15.0 

TIME AFTER RUPTUR.E l SEC l 

DOT•LI-3A DATA, SQUARE=PRETEST RELAP4, TRIANGLE=L135-A23 RELAP'+ 

Comparison of RELAP4 predicted and experimentally measured 
density in broken loop cold leg. 

o.e 

0.6 

0.'+ 

0.2 

o.o 
-5.0 o.o 

F-' ~ 
~ -......... 

ru ~ r< r.. \ ~ ~ ~ 

~" 
r\ f\_ 

f\ 

!:i.O 10.0 

TIME AFTER RUPTURE tSECl 

I 

~ 
1\. 

l\ \. 

f\. 
"\ N ~ 

DOT•L1-3A DATA, SQUARE•PRETEST RELAP'+, TRIANGLE•L135-A23 RELAP'+ 

1'-

~ 

15.0 

Comparison of RELAP4 predicted and experimentnlly measured 
density ·in broken loop hot leg. · 

19 



The behavior in space and time of the RELAP4 calculated density 

behavior can best be seen in Figures 13 through 17. In this series of 

figures, the RELAP4 model schematic for both the pretest RELAP4 run and 

the posttest RELAP4 run with the new pressurizer model (run L135-A23) 
~ 

has been shaded to indicate a range of densities which are calculated to 
I 

exist in different RELAP4 control volumes. Arrows are used to indicate 

flow direction from one control volume to another. 

Figure 13 shows the density distribution comparison~ at 

t = 0.2 seconds after the break begins to open. Flashing has begun in 

the intact loop where -r:he pr·I:!~Sudter ~urg& l1nt:> P.nt~n. the hot leg; at 

the pump inlet, which .is the lowest pressure point in the pr1mary 

syst~m; and in the control volumes just upstream of the break planes, 

All flow directions are still in the normHl direction. 
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Figure 14 shows the density distribution at 0.4 second into the 

transient. In the pretest prediction, the pump inlet fluid conditions 

have become subcooled once again, while the fluid at the pump inlet has 

begun to flash in the posttest run with the new pressurizer model. The 

same conditions exist past 0.8 second into the blowdown. 
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In Figure 15, a flow reversal is shown to have taken place in the 

intact loop hot leg by 1.6 seconds into the transient in the pretest 

prediction RELAP4 run. The hot fluid from the pressurizer emptied into 

the hot leg at too fast a rate which made the intact loop hot leg act 

like a pressurizer. This kept the majority of fluid in the intact l oop 

and the reactor vessel subcooled. In the posttest analysis run with the 

new pressurizer model, the flow reversal has not yet occurred, and 

flashing was taking place in the steam generator, pump inlet, broken 

loop, and reactor vessel. 
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At 3 seconds into the transient, as shown on Figure 16, the hot leg 

flow reversal has not yet taken place in the new RELAP4 run and flashing 

has taken place to the point that all the fluid in the system is now 

two-phase. In the pretest prediction RELAP4 run, the flashing front has 

moved around the intact loop through the steam generator and is now up 

to the pump inlet. 
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Figure 17 shows that ·at 5 seconds into the transient the pretest 

prediction run flashing front has now passed through the pumps and is 

proceeding around the inlet annulus toward the cold leg break plane. As 

the density drops at the pump inlet, the pump differential pressure 

drops rapidly as the pumps cavitate. The flow through the reactor 

vessel is still in the normal direction, and the fluid in the downcomer, 

lower plenum, and core simulator is still subcooled. In the posttest 

analysis run with the new pressurizer model, the flow reversal has taken 

place in the intact loop hot leg and in the reactor vessel. 

At 10 secum.b into the tranc;iPnt, Ll1~ flow through the rP~c:tor 

vessel has reversed, and differences between the two runs are not 

significant. At 10 seconds into the transient, differences in 

pressurizer modeling beLween the two RELAP4 runs do not app~ar to be 

significantly controlling the transient. 
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In conclusion, pressurizer modeling of LOFT nonnuclear LOCEs was 

shown to affect the calculated blowdown behavior during the first 

10 seconds of blowdown in subtle ways. Not only was the pressurizer 

discharge flow and pressurizer affected, as suspected, but in addition, 

the primary system pressures, flows , and densities were also markedly 

affected by the pressurizer modeling. The pressurizer liquid, being 

initially saturated at the primary system pressure, represents a 

significant source of high-temperature fluid for an isothermal LOCE. 

Predicting the flow rate of this fluid into the primary system and the 

flow dirPc.tion of this fluid once it enters the intact loop hot leg is 

important for predicting the behavior of LOFT during lh~ early portion 

of saturated blowdown for an isothermal LOCE. 

Proper pressurizer modeling must in~lude dll the important pressure 

loss phenomenon in the pressurizer surge line. Two-phase multipliers, 

rough tubing Fanning losses, and modeling of the form losses in the 

bends in the pressurizer surge line are important considerations in 

modeling the LOFT pressurizer surge line. 

The next sections of the report are ~u1lcerned with th~ overall 

~usttest modeling of LOFT LOCE Ll-3A. Section 2. 2 deals with modeling 

changes that were made in the posttest RELAP4 analysis ot LOFT LOC[ 

Ll-3A. Section 2.3 discusses how the~e modeling changPs hav~ affected 

the calculational results. Comparisons are presented which show the 

pretest predictions, lhe expcriment~l data, and a new RELAP4 run 

(designated as Ll35-A22), which incorporates the modeling changes 

discussed in Section 2.2. 

2.2 Overall Modeling Changes and ~ustification 

2.2. 1 Improved Pressurizer Modeling. The pressurizer model, which 

is discussed in Section 2.1 of this report, was incorporated into the 

RELAP4 model of the LOFT system and run on the computer for the posttest 

analysis of LOCE Ll-3A. This run, which also incorporates other 

modeling changes discussed in the following sections of this report, is 

referred to as the posttest analysis run (Ll35-A22). 
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2.2.2 Using Measured Experiment Ll-3A Initial Conditions. In the 

posttest analysis run for LOCE Ll-3A, the measured initial pressures, 

temperatures, flow rates, and liquid level in the pressurizer were used 

as the initial conditions of the RELAP4 posttest analysis run. This was 

done to eliminate the uncertainty in how the initial conditions affect 

the comparisons of calculated and measured blowdown behavior. 

2.2.3 RELAP4 Nodalization. The RELAP4 nodalization scheme was 

changed between the pretest and posttest analysis. Figure 18 shows the 

RELAP4 schematic of the pretest prediction (Run Ll35-B5), while 

Figure 19 shows the schematic of the posttest analysis run (Run 

Ll35-A22). Comparison between the two figures reveals that the system 

model has been renodalized in three areas: the reactor vessel, the 

broken loop just downstream of the reflood assist bypass piping, and the 

accumulator. 

The accumulator was treated as a fill junction in the posttest 

analysis run, hence the accumulator has no volume number. ECC modeling 

is discussed in Section 2.2.4. 

A volume was added in the 28.4-cm ID piping (14-inch Schedule 160) 

in the broken loop hot and cold legs. This was done so that junctions 

would exist in the broken loop at the location of the drag disc. turbine 

and densitometer instrument locations. Subsequent analysis revealed 

that this was unnecessary since the fluid conditions just downstream of 

these added junctions are essentially identical and are just as useful 

for data comparisons. 

The signi'ficant difference between the pretest and posttest RELAP4 

nodalization is due to the changes in reactor vessel nodalization. 

Analysis of the output of the pretest prediction run revealed that when 

ECC injection began, the lower plenum was only approximately half full. 

Futhermore, the pressure in the lower plenum tended to follow the 

saturation pressure of the temperature of· the fluid in the lower plenum, 

until the lower plenum bec~me liquid full. This caused the RELAP4 

calculated primary system pressure to follow the lower plenum saturation 
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pressure, which was below the experimental data for the ECC filling 

period. It was felt that by reducing the volume of the control volume 

in which ECC flow was being directed, the time period in which this 

phenomenon occured would be reduced. Therefore, the lower plenum was 

divided into more volumes, which allow quicker subcooling in the volume 

in the lower plenum in which ECC was directed . 

. . As soon as the volumes in the lower plenum become liquid full, the 

fluid conditions in those volumes become suh~nnlPd, Thus the fluid 

conditions at the junctions between the lower plenum and the downcomer 

and the lower plenum and core volumes become subcooled when the lower 

plenum becomes liquid full. By dividing the downcomer and core volumes 

into thr~e volumes each, it was again attempted to minimize the volumes 

in which steam condensation was :occurring and thereby minimize the 

effect of steam condensation on the depressurization. 

Dividing the downcomer and lower plenum into several vertically 

stacked volumes also pr_ovides a better means of (a) tracking 

temperatures measured at the lower plenum and downcomer. temperature 

probes and (b) damping the large manometer-type oscillations that were 

observed in the calculated behavior of the downcomer 

·Core regions. 

lower plenum -

2.2.4 ECC Modeling. In the RELAP4 posttest analysis, the measured 

ECC flows from the experimental data were input in the RELAP4 run as a 

function of time. This was done to eliminate the uncertainty of how 

overpredicting ECC flow rates affects system behavior during the refill 

and reflood portion of the transient. 

Accurate calculation of accumulator flow depends strongly on 

calculating the pressure difference across the accumulator injection 

line. RELAP4 tended to overpredict (a) accumulator pressure ~s a 

function of accumulator liquid volume and (b) depressurization which 

occurs in the primary system when the subcooled ECC fluid begins to 

flow. Subsequent modeling activities revealed that RELAP4 tended to 

expand the accumulator nitrogen as if it were a constant temperature 
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process. The experimental data suggested that the accumulator nitrogen 

expansion is more nearly an isentropic process. This led to the 

development of a polytropic nitrogen expansion model, which was used in 

the prediction analysis for LOFT Experiment Ll-4[lO]_ This model was 

not available in time for the posttest analysis of LOFT LOCE Ll-3A. 

2.2.5 Code Changes. The posttest RELAP4 analysis was run on a 

special version of RELAP4/MOD5 (Update 2) which was identical to 

RELAP4/MOD5 (Update 2) except a steam generator secondary heat transfer 

model was added which accounts for natural convection heat transfer in 

the steam generator secondary side. 

Detailed input and time zero output listings of the posttest 

analysis run may be found in Appendix B. 

2.3 Data Comparisons 

This section of the report discusses comparisons of the posttest 

analysis run wit~ the experimental data and the pretest prediction for 

various time periods during the LOCE Ll-3A blowdown. 

2.3. 1 Early Slowdown System Behavior. The effects of pressurizer 

modeling and initial condition differences on early blowdown behavior 

are discussed with this first series of graphs. Figures 20 through 23 

show comparisions between calculated and measured fluid temperatures 

·during early blowdown. In these short-term plots, it should be kept in 

mind that the uncertainty in the temperature measurements is 

approximately 2.5°C. The RELAP4 data, both pretest and posttest, are 

within the uncertainty of the measurement. The posttest initial 

conditions were found by taking· an arithmetic average of different 

temperatures around the intact loop. The posttest analysis, in general, 

is in better agreement with the shape of the temperature curves, but 

tends to differ in magnitude slightly from transducer to transducer. 
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The pressures in the intact and broken loops can be seen in 

Figures 24 and 25. The uncertainty in the measured pressure is 

approximately 0.26 MPa, and again the pretest and posttest RELAP4 runs 

are within the uncertainty of the measurements. The primary system 

pressure is slightly lower for the posttest analysis run primarily due 

to the effects of the pressurizer modeling. This makes for an overall 

better agreement with the data. 
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Figures 26 and 27 show the density behavior in the intact and 

broken loops during early blowdown. As discussed in Section 2. 1, the 

early blowdown density behavior is improved with the new pressurizer 

model. In general, the fluid begins ·flashing sooner in the posttest 

analysis. In Figure 27, the time that the flow reversal takes place in 

the intact loop hot leg is better predicted in the postt~st analysis 

run. 
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The next' two figures (Figures 28 and 2:9) show compa.ri sons between 

calculated· and measured differential pressures around the intact loop. 

In Figure 28 the pump is shown to degrade faster in th~ posttest 

analysis run: This can be largely attributed to the faster flashing in 

the p·ump in 1 et, due primarily to the differences in the. pressurizer 

modeling~ The pressure across the' steam generator is 1 ess in the 

post't:e'st analysis run, while the differential pressure across the 

reactor vessel is largely unaffected .. 
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2.3.2 System Behavior After ECC Injection. In' this next series of 

plots, the differences between the two RELAP4 runs and the experimental 

data are examined for the time period from just: before ECC injection 

begins to the end of blowdown. 

Figures 30 and 31 show the RELAP4 calculated and· experimentally: 

measured accumulator and low-pressure injection system (LPIS) flows. 

The posttest analysis is in good agreement since the ECC flows were 

input as a function of time and taken from the experimental data. The 

high-pressure injection system (HPIS) flow, which is not shown, is a.lso. 

in good agreement, both in the pretest and posttest· RELAP4 runs. The 

overprediction of accumulator flow in the pretest prediction is due to 

the following factors: 

(1) The· primary system pressure is underpredic;;ted;. especially 

after ECC injection begins, due primarily to the excessjve 

steam condensation predicted by RELAP4. 

(2) The accumulator pressure i$ overpredicted as a function of 

accumulator nitrogen. volume, due to the isothermal accumulator 

nitrogen expansion model in RELAP4/MOD5. 

(3) The line resistance of the accumul~tor injection line was too 

1 ow in the pretes·t RE.LAP4/MOD5. calcul at,ions. This· was 

confirmed by accumulator b lowdown test's done at'ter tl:le· U-3 

pretest predi ct:i on was. run, 

The- LPIS flow is overpredi-cted in the· pretest predi ct.i'on · primarny due· 

to- the under.prediction of' primary system. pre-ssure .. 
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Figures 32 through 34 show the calculated and measured pressures in 

the ECC injection line and in the reactor vessel core simulator. The 

spike in Figure 32 in the pretest prediction data is due to ECC 

condensation in the ECC injection line. This pressure spike causes the 

spike in the calculated accumulator flow seen in Figure 30. The 

pressure in the reactor vessel is shown in both Figures 33 and 34, with 

the data in Figure 33 coming from a high-range pressure transducer, and 

the data in Figure 34 coming from a more sensitive low-range pressure 

transducer. 

Both RELAP4 calculations underpredict system pressure primarily due 

to the excessive steam condensation predicted by RELAP4 for lower plenum 

ECC injection experiments. The posttest analysis run is closer to the 

data than the pretest prediction run for two main reasons: (a) the finer 

nodalization in the reactor vessel tended to allow fluid in some of the 

control volumes in the reactor vessel to fill up, hence reducing the 

steam condensation in these volumes and (b) the ECC flow rates were in 

agreement with the data, instead of being overpredicted as in the 

pretest prediction run. 
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Figures 35 through 37 show the comparisons of calculated and 

measured fluid temperatures in the lower plenum, downcomer,. and 

downcomer inlet annulus during the time period following ECC injection. 

Except for the lowest portion of the lower plenum, the posttest analysis 

tracks the fluid temperatures in the lower plenum better than the 

pretest prediction run. This can be attributed to the finer 

nodalization and the better prediction of primary system pressure 

response which allows for a better prediction of saturation temperature 

as a function of time. The data in.Figure 38 show the core simulator 

fluid temperatures, and all the curves closely follow the saturation 

t~mp~ratures. 

.. 
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Figure 39 shows comparisons between the calculated and measured 

momentum fluxes in the downcomer. Both the pretest and posttest 

analyses runs show large manometer-type oscillations beginning after the 

lower plenum fills which are not observed in the data. 

To understand the nature of these oscillations, consider Figures 40 

through 42. Figure 40 shows the average lower plenum void fraction from 

the posttest analysis run, while Figure 41 shows the average downcomer 

void fraction. Figure 42 shows _the average liquid fraction (1-average 

void fraction) in the lower plenum, downcomer, and inlet annulus. As 

these graphs show, the oscillations tend to be diverging. 'Plots of void 

fraction in the core area tend to have the same oscillation frequency, 

but are out of phase with the oscillations in the downcomer, indicating 

a manometer-type oscillation. 

The nscillations appear to be driven by unequal steam condensation, 

which is predicted to occur in the reactpr vessel. When the lower 

plenum fills, the fluid conditions go from saturated to subcooled. 

Subcooled water thus begins to flow into the downcomer and lower core 

volumes after the lower plenum fills. Because of the larger flow area 

and lesser resistance, the flow rate into the core area is higher than 

the flow rate into the downcomer. Thus more steam is condensed in the 

core than is condensed in the downcomer. This causes even greater flow 

into the core region due to the faster depressurization in this volume. 

When the elevation head in the core area becomes great enough, the flow 

reverses, which causes subcooled water to flow into the downcomer. · 

Because of the large flow of subcooled.liquid in the downcomer, steam 

condensation begins over again in the downcomer instead of the core 

region. Thus unequal steam condensation is the mechanism which causes 

the undamped manometer-type oscillations which are observed in the 

RELAP4 calculations. 

To"test this hypothesis, an additional RELAP4 run was made in which 

the temperature of the ECC fluid was set at nearly saturation conditions 

during this period of the blowdown (226°C). The oscillations were no 

longer observed, and the reactor vessel pressure was substantially 
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higher after ECC injection began. Because of the large oscillations 

observed in the posttest analysis run, it is believed that the finer 

reactor vessel nodalization was not fully effective in minimizing 

excessive steam condensation of the ECC fluid due to the homogenizing 

effect these oscillations had on the fluid conditions in the reactor 

vessel. 

2.3.3 Overall System Behavior. In this section, curves which are 

representative of the overall system response are discussed in relation 

to the difference$ between the pretest and posttest RELAP4 runs. 

Figures 43 throuah 47 show the calculated and measured densities in 

the intact and broken loops. The erratic density predictions in the 

cold legs (Figures 43 and 45) are attributable to the reactor vessel 

oscillations. The underprediction of density in the broken loop hot leg 

may be an indication of overprediction of hot leg break flow. 

Overpredicting broken loop cold leg density may be an indication of 

underpredicting cold leg break or not fully accounting for phase 

separation or slip effects in the downcomer. 

The hump in the ca 1 cu 'I a ted density in the broken 1 oop hu L ll:!g i::. 

attributable to fluid which collects in the inlet plenum of the steam 

generator ahd which later flows from the steam generator inlet plenum, 

through the intact loop hot leg, through the upper plenum, and out the 

broken loop hot leg. The experimental data suggest that RELAP4 is 

correctiy predicting this subtle phehomenon. 
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The next two figures (Figures 48 and 49) show the pressurizer 

liquid level and pressure. As discussed earlier, there is much better 

agreement in the parameters between the experimental data and the 

posttest analysis RELAP4 run. Figure 50 shows an expanded-scale plot of 

the comparisons of primary system pressure. Agreement is good until ... 
just after ECC injection begins. 
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Figures 51 and 52 show comparisons of the steam generator secondary. 

pressure and temperature. The pretest RELAP4 run is in better agreement 

with the experimental data. The natural convection steam generator heat 

transfer model used in the posttest analysis calculation apparently 

overpredicts the heat transfer from the steam generator secondary.· The 

steam generator secondary temperature transducer is located in the 

downcomer of the steam generator, and may not accurately reflect the 

true average steam generator secondary fluid temperature. Modeling the 

LOFT steam generator secondary is presently under review. 
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Figures 53 through 55 show calculated and measured fluid 

temperatures in the broken and intact loops. The posttest analysis run 

indicated that superheated steam began to flow from the steam generator 

outlet at approximately 26 seconds into the blowdown, passed through the 
' 
pumps, and arrived at Station PC-1 at approximately 28 seconds. The 

experimental data suggest that this phenomenon may be occurring, but at 

a later time than predicted by RELAP4. The overall fluid temperature 

differences are largely attributable to differences in saturation 

temperatures, due to the differences in system pressures. 
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Figures 56 and 57 show the primary coolant pump speed and 

differential pressure. The primary coolant pump in RELAP4 coasts down 

faster than the experimental data primarily because the effective 

inertia of the primary coolant pump in RELAP4 is too low at the higher 

speeds. A variable inertia pump model was developed for the LOFT 

Experiment Ll-4 pretest prediction which accounts for the speed

dependent electrical losses of the LOFT pumps[lO]_ The pump 

differential pressure is well predicted by RELAP4 which indicates that 

once the pumps cavitate, the pump head is no longer a strong function of 

pump speed. 
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Figures 58 through 61 show velocities and momentum fluxes in the 

intact loop and reactor vessel. Agreement is generally good until 

30 seconds into the blowdown, when the oscillations begin in the RELAP4 

calculations. 
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The next four figures (Figures 62 through 65) concern the broken 

loop cold leg. Figure 62 shows the RELAP4 calculated and measured 

velocity in the broken loop cold leg. The agreement is generally good 

up to near the end of blowdown. As mentioned earlier, the turbine meter 

is expected to record higher than average velocities because of the 

stratified and annular 
experimental data[6J. 
and measured mass flows, 

flow regimes which are observed in the 

Figure 63 shows a comparison of the calculated 

as recorded from a pair of differential 

pressure-densitometer measurements. The experimental data show a small 

uncorrected offset at time zero which is probably attributable to an 

uncorrected offset in the differential pressure transducer. The data 

consistency checks also reveal that the experimentally measured mass 

flow rate for this transducer may be high by approximately 9%[6]. The 

differential pressure-across the flow area reducer is underpredicted by 

RELAP4. The differential pressure across the cold leg break plane is 

somewhat overpredicted by RELAP4. 

For LOFT Experiment Ll-4, additional differential pressure and flow 

instrumentation has been installed to allow a better understanding of 

the flow phenomenon upstream of the cold leg break plane. 
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Figure 66 indicates that the broken loop hot leg mass flow rate is 

overpredicted by RELAP4 for the first 10 seconds of blowdown. 

Subsequent modeling studies have shown that the RELAP4 calculated 

initial mass flow rate is strongly dependent upon the assumed initial 

temperature distribution in the broken loop hot leg. In bo~h the 

pretest and posttest RELAP4 analyses,. the initial temperature of the 

fluid in the broken loop hot leg was set at a lower value than indicated 

by pressure transducers in the broken loop hot leg at the onset of 
saturated blowdown. 

Figures 67 and 68 show comparisons of differential pressures across 

the steam generator and pump simulators in the broken loop hot leg. 

Both the pretest and posttest RELAP4 runs are in good general agreement 

with the experimental data. One would expect the differential pressures 

to be overpredicted somewhat if the mass flow rate was being 
overpredicted. 
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3.0 CONCLUSIONS 

Several conclusions can be drawn from the analytical studies that 

have gone into the preparation of this report. Modeling ·the pressurizer 

is important in predicting system behavior during early saturated 

blowdown for an isothermal LOCE. By more properly modeling the 

pressurizer, not only c~n pr~ssurizer pressure and level be mar~ 

accurately predicted, but early density, pressure, and flow behavior can 

be more ~ccuratPly predfcted as well. Proper modeling of the LOFT 

pressurizer must include all -Important pressure 1oss ell~cts 1n Lim 

pr~ssurizer sur9e line. This includes accounting for rough tubing 

Fanning friction 1 asses, accounting for the form 1 osses of the bends ·t n 

the ~urge line tubi~g. and accounting for two-phase form losses. 

The primary system pressure can be better predicted when ECC flows 

are not overpredicted, and nodalizatian in the reactor vessel should be 

such as to minimize steam Condensation effects. ECC flows in the Ll-3A 

pretest prediction were overpredicted due to (a) underprediction of 

primary syste·m pressure after ECC injection began due to excessive steam 

cbndensation, (b) overpredictidn of accumuldLO~ n~troger'l pressure du~ tri 

the iSothermal acc'umulator nitrogen pressure dSsumption, and (c) failurl;' 

to ac-count for the tdtai resista·nte of the accumulator ihject1on 11ne. 

Use of measured initial tond1t1ons dS opposed to EO'S nominal 

initial conditions had a negligible i~fluence on calculated syst·em 

response. Usi'ng. finer nodalizat1on in ar·eas where !;team comhmsation 

was expected to occur was responsible for a better overall prediction of 

the sys.tem ~~:-essure hi story. The mnribmeter . ostil 1 at ions observed 

between the.downcomer arid tore volumes in both the pretest and posttest 

calculations were apparently driven by unequal steam condensation. 

Injecting· higher enthalpy fluid elimin~ted the oscillations, as well as 

the over depressurization observed in both the pretest and posttest 

analysis. 
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· --1-z ·:·: ~- ~ -y~=~~~zH:8~ ~- § :~n:s~:g~ ~ =~~;~g~:g~ - ~:HH~~:gt ~=~gggg~:g~ 
t.:::f'll ..... ~ ~y· · .-z-ss·b,E+03--S • ·31'3"3ZE+OZ 5.3't908E+ 02 · It • 751 51E+Ol 5 • 'tOOOOE +02 

1'2 2--;' 250Z'7E +03 - q,--7145'1E+Ol - 5.31t915E+OZ " 4,75116E+Ol 5.1tOOOOE+OZ 
· 13 •·-·--- ··-...-.-.·2.25012E+03 Zol0855E-+02 5.H915E+02 ite75115E+Ol 5.itOOOOE+02 

14 ·- ' Zi2484ZE+03 2.l3486E+02 5.34917E+OZ 4.75104E+Ol 5.40000E+02 
• - 15 -. n263-98E+Q-3 ·t-o-1989itE+02 5.3lt897E+OZ - tt.7520itE+01 5.itOOOOE+OZ 

16 Z'.l'6533E+03 --1 . 79897E+OZ 5.34896E+02 4.752l3E+Ol 5.1tOOOOE+OZ 
N 11 - -..T,_ ... ..,......-..,z.-z7e~tee+o3 . 9.0l069E+Ol s.Hesoe+oz 4.75Z97E+Ol s.~tooooe+oz 
+=> ' 18 ' . •. ~- · • Z.2809ZE--.03 3.29559E+Ol 5n4877E+OZ 4.75313E+Ol 5.ltOOOOE+OZ 

-· - 1'9 ....Z..-2c75lU-E-+03·- z--.98881-E+-OZ- 5.-3lt883E-+OZ - lt.75280E+01 5.itOOOOE+OZ · 
• 20 .'Z7lf21E--.-o'3~ 1 ~ 534'41£:·+-oZ 5,348'85E+OZ '-'+i75270E+Ol 5.40000E+OZ 

r Zl ·-,. .•. ;,~- ,.,. i!-..27-Zbl£+03 3 ,540lt9E+02 5.34867E+OZ lt.75Z59E+Ol 5,1tOOOOE+OZ 
22 ""' ,. • ""'" z.'Z7'48'6E+03 .. - B. lll31E+02 5.34884E+OZ 4.75274E+Ol 5.40000E+OZ 
Z· . · ~ • -ZT2-7-b73E-+-o-! l ·;09991E+03 -- 5. :H86ZE-tOZ r- lt. 75.Z86E+Ol 5.40000E+02 
Z'+ · · ;£737Zcf'0'3""". 1.43763E+03 5.34685E+Oz - 4.75Z67E+Ol 5.ltOOOOE+OZ 
25 · ~- Z.27~18E+03 · 1.69650E+02 5o34666E+OZ lt.75Z63E+Ol 5.ltOOOOE+OZ 
26 Z.Z7318E+03 1.03394E+OZ 5.28797E+OZ 't.78Z66E+Ol 5.35000E+02 
27 ~!"ZT-U'8E•Or- 3-.93317E+Ol 5.2Z72lE+OZ - 'to8lll5E+Ol 5. 30000E+02 

~ "18 r."'Z'ti666E+03~ 3--; 5878ZE~1lZ 5. Jlt694E+OZ lt. 75221E+Ol 5.ltOOOOE+OZ 
29 , · 2.26685E+03 l.09795E+OZ 5,321t57E+OZ lt.76445E+Ol 5.38000E+OZ 
30 ••. ..,._ -··· ~z -.Z6651E+03 1,38347E+Ol 5.30022E+02 4.77638E+Ol 5.36000E+02 

•-'731 ~o-f!ri35E~3 - -2.1-(jltlfE+OZ- 5e27588E•OZ it.78796E+Ol 5.3itOOOE+OZ 
"-· 32 ..._.. ' '2 o'2"63'94E+03 4. 81642 E+OZ 5.Z5154E+OZ 4.799Z7E+Ol 5.3ZOOOE+02 

33 z.Z6535E+03 z.Z045ZE+02 5.22729E+02 4.81068E+Ol 5.30000E+OZ 
34 Z.Z6685E+03 1. 972ZZE+Ol 5.20358E+02 4.82302E+Ol 5.28000E+OZ 
~ ~co26795r~03 --~ 25591E+Ol 5ol917ZE+02 4o82911tE+Ol 5.Z7000E+OZ 
~b • .'2~~E+03 Z.79792E+Ol 5 . 17988E+02 4.83510E+Ol 5,Z6000E+02 
37 lt.Z9912E+Ol l.Z5925 E+05 2.41773E+02 3.lt0940E+Ol Z.71634E+OZ 
38 Z.Z7039E+03 3.90272E+OZ 5.3001 8 E+02 4.7766lE+Ol 5.36000E+OZ 
;9 . ~~631E+03 ·- Z.79213E+OZ 5.348 95E+OZ 'to75Z19E+Ol 5.1tOOOOE+02 
ItO -~·~ .Z6317E+03 l .67035E+Ol 5 .6 2266E+02 4.60~56E+Ol 5.6200CE+02 
41 z.Z6ZOZE+03 7.77 191E+OZ 7 .~ 9 73 9 E+02 Z.Z3636 E+Ol 6,53472E+OZ 
ltZ 9o6Z790E+OZ 5 . 8 5 317E+03 5 .7631t6 E+OZ z.07B54E+Ol 5.40000E-+02 

·~~~~~~~0~-~6~1-ZOOOE-t~Z - 5.64037E+03 5.80333E+Ol 4.43563E+Ol 9.00000E+Ol 
~ -z-. Z7317E+03 1.64811E+02 4.7 6087E+02 5.03046E+Ol 4.90000E+OZ · 

2.1668ltE+03 l.64801E+OZ 4,76086E+OZ 5.03016E+Ol 4.90000E+OZ 
Z.Z7871E+03 5.76561 E+Ol 5.34 B79E+OZ 4.75298E+Ol 5,40COOE+OZ 

-~--~•Z7316E+03 6.82008 E+OO 5.26797E+02 4.7~266E+Ol 5.35COOE+OZ ....... ~ ...... ---
VOlUI1E AIR MASS 

o. o . .. 
o. -o. o. ' 

O. · 7.-.SOOOOE+OO -7.73H.9E+Otr 
o. - 1.86500E+OO 1.99415E+OZ 
0. 9.3Z333E-01 3e77851E+02 
O. 9.32333£-01 Z.l6237E+'OZ ' 
o. 9.3Z333E-Ol le515BZE+OZ o. o. o. o. o. 

o. Z.ltZ156E+OO 1.3677ZE+OZ 
,. o.- - ·- Zo50000E+OO -;- 5.31351£+82 

- ~. - ·6.75000E+OO ~.21570E+ Z 

o. o. o. o. .o. o. o. 
o. o. -o. o. 
o. o. ' o. 
o. o. o. o. o. o. o. o. o. o. o. o. 
lo23983E-03 o. o. 
o. 
1.37637E-Ol 
b.Oll'o9E-OZ 
lo47705E-05 
o. 
o. 
0. o • 

o. z.005ZlE+OO Z.588it6E+OZ · 
O. 6.75000E+OO 5.Z1560E+OZ 
o. Ze50000E+OO 5o3133Z£+0Z-
o. Z.37S06E+OO ' 9.7H51E+Ol 
0. 3.80867E+OO z.l0855E+OZ 
o. Z.l7450E+OO 2. 31t86t+OZ 
o. Z.it7577E+OO 1.7989itE+OZ 
O. 2.47577E+OO 1.79897E+02 
o. 7.08333E-Ol 9e01069E-t01 '-
o. 7.08333E-Ol 3.29559E+Ol 
o. 9e3Z333E-01 , · Zo98881E+O~ 

• O. 9~3Z333E-Ol 1.53447E+OZ < 
o. 3.43500E+OO 3.5lt0't9E+OZ 
o. l.l6119E+Ol 8.lll31E+OZ 
o. ltol5000E+OO ·1.09991E+03-o.· 9.4ZZOOE+OO I.-t;3763E+03 
O. 9.3Z333E-Ol lo69650E+02 
O. 9.3Z333E-Ol lo0339ltE+OZ 
o. · 5e67750E-Ol ~ 3.9Ul1E+Ol 
o. 9.3Z333E-Ol 3,5878ZE+OZ 
o. 9.32333E-Ol l.09795E+OZ 
o. Z.ltlt013E+OO 1.383,7E+Ol 

- o. 'to58Z50E+OO Z.l941ZE+gz 
o. lt.Olt706E+OO ~.8164ZE+ Z 
O. 4.58Z50E+OO 2.ZO't5ZE+02 
o. 4.5416lE+OO 1.97ZZZE+Ol 
o. · z.l7it!10E+OO 8.25591£+01 
O. 4.3l775E+OO Z.79792Ef01 
O. 9.4ZOOOE+OO l.Z5768E+05 
O. z.06508E+OO 3.90Z72E+OZ 
o. Z.89583Et00 Zo79Zl3E+OZ 
o. 4.03500E~oo 1.67035E+01 
1.4~llt9E-03 3.5000ZE+O~ 6.70Z21E+OZ 
3.67076E-07 6r89700E+OO 5.50130E+03 
o. 6r50948E+OO 5e640Z8E+03 
o. Bo'tlllt6E-Ol 1.648llE+OZ 
0. 8o·41146E-Ol l.b't801E+gz 
o. 1.57900E+Ol 5.76561E+ 1 
o. 3.~8600E-01 b.8Z006E-t00 



....... 
N 
(J1 

-T"- - : 

• 
lt~ ~~r..::._:;;::J:;rL~~ .. ~;J .. : .. t>o: - ·~ ~: x.~ .. 

--· ___ __.. ---· 

~: ... ~·· 

H.-T • COEF SURF TE11P 
( BTU/H/F2/F I CFI 
5.00000E+OO 5.40000E+OZ 
5oOOOOOE+OO 5.40000E+OZ 
5oOOOOOE+OO 5o40000E+OZ 
5.00000E+OO 5o40000E+OZ 
5.00000E+OO 5.26000E+OZ 
5oOOOOOE+OO 5o27000E+OZ 
5oOOOOOE+OO 5.40000E+02 . 
;.OOOOOE+OO 5.40000E+02 
5oOOOOOE+OO 5o40000E+OZ 
5.00000E+OO 5.40000E+02 
5.00000E+OO · 5o28000E+02 
5.00000E+CO 5.30000t+02 
" nf\ro..nf'tr .. nn " "l? ,..,..,,r ..._ n., 

AVG. QUAL POWR HZO 
(BTU/HR) 

o. o. o. o. o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
o. o. o. o. 
o. o. 
(\ " 



' .,.._, ._._, 1 J~ V ve 7aV\o.I\JVVt;.TIJ~ J•VVV\IV~TVV Je.:I,\/\1\I C. TV, V• V• 

~~.l't .t.EF-T:-"""'~ .---O-·· .. o.~:- ... 9.00000E+Oit · 5.00000E+OO 5.3-4000 E+02 O. O, 
~~• 15 LCFi-31Y-~~ o~~o,-·· ......... ~... ": 000001:+04 . 5;00000E+OO 5,3bOOOE+OZ o.~ ·- O, 

16 LEFT· 23 .... · o- · O. 9oOOOOOE+Oit 5oOOOOOE+OO 5.1tOOOOE+OZ Q, ·o, 
17 LEFT · 8 0 Q, 7.7~493E+05 5,00000E+OO 5.40000E+02 Q, Q, 
17 · RIGHT lt2 · o--~ o. - ~-~-----""9,00000E+Oit - 5.00000E+OO 5.41>0oge+02 6 .• 01149E-OZ Q, 

-- 18 LEFT -~-· ~a~--- o.- "'-- """ ~7.75253E+05 5.00000E+OO '5,4000 E+OZ o.· . · O, •. 
18 RIGHT o\Z · ,: · ~-.-~-- g ~ · O, . •' _ 9,00000E+·ct4· 5,00000E+OO 5•'40000E+OZ 6o0ll4'E .. OZ Q, 
19 " LEFT 10 · ' """·.! • -~'- · o, ·- ~"·""·' •. 7oh995E+05 5,00000E+OO 5.40000E+02 O, O, 

- 19 IUGtfT~! 0 ..,.... -.;>-,·--- ~....,..,..--~·.OOOOOf+Oit 5.00000E+OO · fi ·eltOOOOH02 6.01H9E•OZ Oo · 
- 20 teFT· -~; ,.-..- -·o . ~- cr; oooooe+ott- ...,. ooooo£ +oa-- tr; 90ooo E +o2 - o. ~ - --~ - -·o·. -· 

21· • LEFT · ft5 -·--~ ' --()- ·;<: -~ o. · · .·.n·,.y 9,00000E+Oit 5oOOOOOE+OO - 4.90000E+02 o. ·- o. · · 
22 ' LEFT · zs -""'-" ·"' o " -: Q, "' '' · q,QI)OOOE+04 5,00000E+OO · s.40000E+02 o. ·. 0 • 

. 23 ·· i.E'ff-fo~ -.() .. ~.....,... O'o .--.~ ·~ 9oOvOOOE+04 So'O'OOOOE+OO~ 5e35000E+02 0. · :- ~- Oo ~-
·-~t4 LEFT 3~ 0 -·- o. -~~--9',QOOOOE+04 - 5.00000E+OO 5.40000E+02 · o • ..:. · .. · . Q, 

25 ·LEFl · It ·· .--v- · <:0 Oo .... ·· · ·9.00000E+04 5.00000E+OO 5o40000E+02 o. 0. 
26 LEFT ··- ~ .. . • ' 0 . · .... O, 9,00000E+04 . 5oOOOOOE+OO 5.40000E+02 0. . 0. 

'
. 2hri.~l· 0"""'7'-... l'O, ~ • · ~·>(}()Of~ • .OOOOOE-+OO~·ItQOOO~Oz...- ':1) .,.--~.....,....,...- ~ o-, -- ze tert ~"0---~ o. • -- ..-..... ,oooooe.-o4 ·'"'5.oooo-oe+oo ·.....,.ttooooE+0'2"'· o.~- ·" - ·o-; 

~- 29 · .t.EF1 ··1' ll: ,;;-s ~ _ .. ·'() ..,..._· . o, .. ···· ·"""'-· """,~ '9'oOOOOOE•0~ ·~- 5.00'000E+0()- .. 5.ttOOOOE'+OZ o. -: ,r. • .. o. ~ 
. '30 ' t ·EFT ' lZ '~ -. 0 .;e.. _ · o. - "· . ,. '. 9,0 ,JOOOE+O{t '' 5.00000E+OO . 5,40000E+02 o.·-- ·• .. ·o • . . 
,.., -~1 r lEF'r -·- Ih "'-~ o-;;:;-,.......· 0. ··"""" ,...__.~ 9.00000E+O'~ · S.OOOOOE+OO · .. 5.40000E+OZ - · O.- • ..... · · • --- o. · ·-
""- 32 """1. EF ......-1'4 . . 0~ "0, --~~~9.0 ·JOOOE+~ ~.OOOOOE+OO· 5.40000E+02 o;- -·' ... 0.""' •· 

33 · LEFT 19 ·~··.11;..- ·-O .,.. .• · o.·. ""~'·' .. ··9.0·)000E+Ott 5o000.00Et00 5o40000E+OZ .o. -· · ... Oo 
34 lEF't . ZO " ..... -'-' · " 0 ~ ·-o. · ·· ·~ ~··· 9.0·)000E+04 5,QOOOOE+OO 5.-\0000E+OZ 0. 0. 
35 :-£-f·T 0,------;.,- . 9e09000E+O~ ·· Se·OOOOOE+OO -5olt0000E+02 · o.--- --;~-.~ · Oo 

- 36 :£"1-'T - O. """-'· ' ' ....... 9-;0)000E+04- · ;-.-ooo00£+0'0·-·5;'38000E+OZ - '();--· ~ ___ .., o. -
37 · · leFT · l1», .... . -.--"-·• 0 . .,... ' ' · Oo -~·:- ··..,·r.;- · 9o0)•JOOE+Olol h1tOOOOE+OQ 7,;30000E+02 o.-•. ··- :>- ~. o. · 
38 ' lEFT -·46 ,....._ . - o -~-~ --o. · ·• · ~ ....... 9.0J•)OOE+O't 5.00000E+OO 5.40000E+02 O, · . 0. 



-
JUNCTION ,. SLIP VEL. 
~~~::::IE~·: ~~J 1-!~C I 

.. o. 
" · 

LIQUID VEL. 
tFT/SECI 
Z.6180ZE+Dl 
l.H4080E+Ol 
" 

VAPO R·VEL. 
IFTISECI 
2.6180ZE+Ol 
~.S'tii B OE+Ol 

JCT. FLOW-L 
ILBM/SEC I 
5.97222E+OZ 
~.nZZZE+OZ 

JC T. FLOW-G 
(LBM/SEC l o. 
~· 

SAT. H-L 
IBTUILBMl 
5. 3488'1E+OZ 
~.34894E+02 

SAT. H-G 
IBTU/LBPil o. 
Q• 

FLOW-WEIGHTED H 
C BTU/til PII 
5.34889E+OZ 
~· H1:!9H+02 

. ... 



N 
OJ 



__. 
N 
\0 

REllP4tcorottoz·hH..!..f~:.-..r.·'= -.:]_ "I: .... :- ··-= :-::.... ~iui>·4·· rHe.iu1.Al. -HvoRAut. rc cooe· - "CoNF IGuunoH coNTRoL tves 
._. _ _ _ ).._OH --~135-~_!t-!.!'-~-;f~T -~R~_DICpOHS ,.Wl_T,~. ·HEW PRESSURIZE_R 110DEL COHCO•, 75 - 12/ZQ/76 

~u~_ TJ~~~-........J!!'-=-: =~ ... ~~:;::.::~~~--;.., .. __. 
.IUHCTIOit 
· HUI18 ER • 

50 --

• - -·,·SllP . VELa ·U QUID 'VEL. VAPOR VEL. · 
- . (FTISECt - : !~ T/SEC1 ! FT/SECI 
~o.~--.---::-~-- o •:-:.,.:...±:::~~9. • -= 

RECORD HU118ER_ .• ·' ·~ _: ~- .. , 

.vr. '!_, '· 

___ .__... __ . - ~- -- _ ... :....,.;,. - . .... .;;...,.. _) . ~ 
JCT. FLOW-L .. · JCT. FLJW-G . SAT. H-l -
llBPI/SECt llBIHSE:J . lBTUILBI'II 
0 • . .,. -. - -· -o-. .. .. -- . ' -o. ..... .... ....-.. _ '\:..,. -- .. -~ 

.. -.:~~~.l~'*!..i:i.· ' ~,~ .. ~ ...z;z :;:_ 

SAT • H-G-
18TU/l8111 o. -

•• <! ... , 
.. .. .......... ,. 

.;:.:::_ =""'"£; 
FLOW-WEIGHHD - H 

. ( BTU/LBIU 
o. -_ -- ~- ---



RElAP4/C05 Ol/02T76 I I)- qetAP4 THE RM A. ~ YO RAUtiC CODE CONFIGURATION CONTROLIYES 
,, • .._ LOF'f U35-~~}-:" ~RE,..TEST _ Ptt-EDLCTIOHS WLTH NEW PRESSURllER IIODEL COHC0•.75 12/20176 

sH~oHa!.TiMe--!h~7~uii'f£R~ ·,-; ~.-~·:: ACTUAL r r~ E srfr-NUMBH :-; :.loa; I111E • .tOOOOOE-01 SEC. UST DT ~ • 
-.. .;.·~ · . _r:~ . .- ..... ~ .E.-

TOTAL SYS TEll NORM · POWR -- POWR - - ----- HEAT REM E.'ISY LEAK · !'!ASS tEAK · EHGY 8Alo MASS SAL • TOT-. REAC REAC T . 
QUANTITIES - - --- - IIIWI --~..__ ! BTU/HRI IBTUI • ILBI IBTUI - ILBI - lSI SEC. 

c ;. l.OOOOOE+OQ O, o. O. O. ~.77it68E+01 1.50502£:+05 O, o. -

~x3~~~~~~--:::i::".::mA· i'R.~ ~--~ -ff~l- ~~~.::---,;:_-rrnuf~Tit:-;o:-:-~~-iFV~s -:· ~~~-· --n~ -=--=-~v-6-. · ~.! ·= 1~:?- "•-s s::-:=-Nn m-._ ·-:-u:v"n.s:£: 
1 z,.z6686E+03 7. 73H61:+02 5.34891£:+02 lto75224E+Ol 5,39998£:+02 O. -, O. '' 7.,0000E+OO 7oU7~6E+OZ ' 
2 ·· , 2.27072E+03 1 . 991t14E+02 ·· 5.348J! 6E+OZ . 4.7521t9E+O"!. 5.3999BE+02 O. . O. 1.86500£:+00 1.991tHE+OZ 
3 ~z-.z6 .. H~f"03 ~ 778it9f+0"2 --:-5. 31t8 '15 E+OZ ... ~t ·.1'5207E+O: - 5. 39998E+02 · o.· " · ' Oo •· 9, 32 333£:-01 3. 7781t9E+-0"2" 
It ·-·--c.-z-&"161E+03 ...._ 2 .• 16l37E+1l"Z~-5.34&'iio E+Oz---r,.75Z03E+O: · 5.39999£:+02 o-. '·. - O. -- 9.3Z333E-Ol . "2ol6237E+OZ 

. -, 5 ·~~··.ZoZfT30.1tE+03 ~•l•H58ZE+OZ - 5.34697E+OZ to.75199E+O:O 5o39999E+02 0. « o. · · 9.32333E-Ol lo51582E+OZ-
6 - ·--· 2oZ6263E+03 .. -36772E+OZ 5.34898E+02 4,75196E•O~ 5.39999E+02 O. O. Zolt2l56E+OO 1.36772E+OZ 

t' 7 -: ::- 258t0r-+03 - 5-, U370E+OZ - 5 • 34901tE.,..OZ .. ·t, 1 15U7E+O~ ·5 • 39999E +OZ O. -·. 0. · :·-r - · ..:_ 2;. 50000E+OO 5. 31350E+O"Z · 
............,_8 _ ~55--ne.-crr-· 5 -;-!156'1;E+OZ- 5.34'907E+02 ·· t,.7515lE+O:. . 5o39999f+Oz·· O. o. --- 6;?5000E+OO --s'"oZ1569HOZ 

· 1~ .- :·i ., ,,, ·: - hg~~~~:gr~ ~:n~;~~:g~ ~:~~~g~~:g~ · -~:nHu:g~ ~=n~~~~:g~ 8: g: ~=~g~~~~:gg ~=~n;~~:gr 
1: 11 ·- ....... -, z.t5-530r+O:t~ 5,31330~0Z- 5o3't907E+OZ lto7!illt9E+Ol 5.39999E+OZ -- o. ·· O, · 2o50000E+OO 5o31330E+OZ-

-12 - • £.Zit99"1c+03" ~77449E+Ol - 5."34912E~OZ' · to.75115E+O L 5. 39998E+02 . O. o-; • Z.37508E+OO - 9o77H9E+01 
..- 13 ~.:.. ~~--""- -- lo21t967-E+03 ..... z,. l085itE+OZ - 5.H913E+O·~ lto15113E+OL 5.39998E+OZ Oo o., 3o80867E+OO ·,-· Zol0854E•&z 

lit ·· '/Z.2H92E+03"' 2ol3485E+02 5.34915E+OZ 'to75102E+OL 5.39998F+02 O. o.· 2olH50E+OO ZolH85E+OZ 
· --15 -~rr-Zo263it5E+03~ ·l -;-7989ZE+OZ · 5.34901E+02 lt.75199E+O L 5.t,0002E+OZ Oo o. Zolt7517E+01) lo7989ZE+OZ 
~ 16 ·-z-."264"1ltlE+03--r;79895E+OZ 5.34899E+02 - 4.7520BE "+OL 5.lt0002E+02 O, o. "2,1t7577E+OO -1.79895E+OZ 

17 ·~ ~ z~27806E+03 ~ 9.0lQ61tE+Ol 5.31t879E+02 lte75295E+OL 5.39999E+02 o. o. 7o08333E-Ol 9o01061tE+Ol 
W 18 · -- - Z ~ Z801t9E+03 3.29557E+Ol 5.HB7BE+OZ lt.75309E+Ol 5.40001E+OZ O, O. 7.08333E-Ol 3oZ9557E+01 
C) ~~-~~~~~~~-~7-s~~ Z~t~O~OZ ·· 5o31t881E+OZ 1te75279E+01 5o39998E+OZ Oo 0. -~.3Z333E-Ol --l;~98880E+Q-z ~ 

"' • 7to +03-"""-!';5"1-n6002·-- 5,3488ltE+OZ 4o75Z-69E+Ol 5.39999E+02- o·. 0. · 9.3Z333E-01~-:53H6E+-02 
'f·.ZJ.-2-It9E+03 ·"!: 3o51t01t9E+02 5.31t887E+OZ to. 75259E+Ol 5.ttOOOOE+OZ · Oo O. 3olt3500E+OO "3oHOolt9i.+gz · 

· Z.ZT'\"lt5E+03 "~ 8 .11128E+02 " 5.34883E+02 to.7527ZE+Ol 5.3999BE+OZ O, O, 1.16119E+Ol 8olllZ8E+ z: 
~?!!=~:::Il:q~~36£1-0 -~ l.09990E+03-"5.H880E+OZ lto75Z81tE+01 · 5o39999E+OZ ·o. o. ~ ·· · itelSOOOE+OO - lo099.90E'+"03 .' 
·4· Z72'7'3"3to£?1l 1~43763E+03 ---5.348B4E+OZ lt.75265E+Ol . 5.39998E+02 O. O. - 9.1t2200E+OO ~ l.lt3763E+O"l'' 

•Zo27Z95E+03~ 1.696it9E+OZ 5o34885E+02 4.75Z6ZE+01 5,39999E+OZ O. O, 9.32333E-Ol 1o696to9E+OZ 
··£.27315H03 1.03394E+OZ 5.2879BE+02 4.78266E+Ol 5.35000E+02 O. 0. 9o32333E-Ol lo033HE+OZ 

-:::::r:~::X:Rii[;l;•2-f'YUt:+O:r.-n9.33ZOE+Ol 5.ZZ."l!Z3E+OZ ~.811UE+Ol 5o30001E+OZ 0. Oo 5,67750E-Ol 3o93320E+gl 
- Z'OZ"6792~0~."'5B786'£+·oz- 5.3t,!tQ9E+o-z 4,75226£:+01 5.40005E+02 o.- 0. - 9,3Z333E-Ol "3o58786E"+ z· 

• ··•·:---·-- r, ZoZ6793E+03 ·· lo09796E+OZ 5.3Z~6 2E+Oe 4.76it49E+Ol 5.38005E+OZ 0. 0. 9.3Z333E-Ol . lo09796E+OZ 
30 --. ·~· 2~Z6795E+03 - 1.38349E+Ol 5.30030E+D2 4,7761t2E+Ol 5.3600BE•02 0. 0. 2oltlt013E+OO lo3831t9E+Ol 
~31~ i"~~~ .. -1:91tl-5"E•oz - 5.27595£:+02 · '-· 7880"5£:+01 5. 31t007E+02 o. o. lto58250E+OO Zol91t'l5E•Oz~ 

~~z· Z'e£658-,£+03' 4.81650E+OZ 5.25162£:+02 4. 79934E+Ol 5,32008E+02 O. o. lt.OHOBE+OO -...81650E+02 
33 "" .,· "·- Zo,l6736E+.03 • z.Z0455E+OZ 5.22737E+02 4.81075E+Ol 5.30008E+02 O. O. 1to58250E+OO z.zO~t55E+gz 
34 - '- · z.Z6863E+03 " lo97225E+Ol 5, 20365E+02 li.82309E+Ol 5.28007E+02 0. 0. to.5H67E+OO lo97225E+ 1 
~5 - b-269!i0e-+O!o ol"5"600f•Ol 5.19178£:+02 lt.82919E+Ol 5.Z7006E+OZ O. o. ZolH50E+OO 8oZ5600E+Ol 

6 -;£6'8115E"T0"1 "2.79794E+Ol~ 5.17993E+02 ft.83515E+Ol 5.26005E+02 O. o. lto31775E+OO - - 2.797HE+"Ol-
37 ·w ~ lto2991ZE+01 lo259Z5E+05 Zo4l773E+OZ 3.40940E+Ol 2.71634E+02 lo23983E-03 6.1t68lt7E-07 9,1t2000E+OO 1iZ5768E+05 
38 · zo27226E+03 3,9027BE+02 5.30025E+OZ ~-77670E+Ol 5.36008E+02 O. O. 2.06508E+OO 3o90278E+02 

cr 39 oZ67~ZE~3 -t.79216E+OZ 5.31t898E+OZ lt.75Z23E+Ol 5.40004£:+02 O. o. Z.89583E+OO 2.79216E+OZ 
40 . ~--r.-z6306E+03 - l.-67034E+Ol 5.62291E+02 4 ,60953E+Ol 5.62002E+02 0. O, 4.03500E+OO lo670Hf+01 
ltl • ~~ 2oZ6Z02E+03 7.77191E+02 7.59739E+02 2.23638£:+01 6.53472E+02 1.37637E-Ol lo45671tE-03 3.5000ZE+OO 6o70221E+02 
ltZ . · 9.627~0E+02 . 5.B5317E+03 5.76346E+02 2.07B51tE+Ol 5.40000E+OZ 6.0ll't9E-02 3o61357E-07 6o89700E+OO 5o50130E+03 
" , . 6TUOOOE.,..OZ . 5.61t037E+03 5.80333E+Ol 4,43563E+Cl 9,00000E+Ol lo47705E-05 O. 6.509~8£:+00 5o61t02~f+03 · 
'tit . _.. r.£7'387E+03 - 1.648.11E+02 4.76090E+02 5,03048E+Ol 4.90003E+OZ o. O, 8.4lllt6E-Ol 1.61t811E+02 
lt5 2o2680toE+03 1.64802E+OZ 4.76091E+02 5,03020E+Cl 4o90004E+02 O. O, 8oltlllt6E-Ol lo61t80ZE+02 
lt6 J 2;27604E+03 5~76548E+O~ ~.34 S 69E+02 4.752S 8 E+Cl 5.3998~E+02 O, 0. l.57900E+Ol 5.7651t8E+01 
It?-· ,..... . . 213it_OE+03 __ , 6.8ZOlOE+OO 5.287'16E+02 't.7!326 BE+Cl 5.35000E+02 O. O, 3o38600E-Ol 6o82010,E+OO 

· VOLU~E · AIR MASS 



w 

• ~~ pj.. ;:- -; ~ :-t:- .:..::..·~~~· =--~.........:::... - - ~~-
3 •". o. 
4 . o • . , ....,. ·- - o. ~· - -:--···· .. ·~ .-. ~- -··---

--b- --" -- ·- ·o ~ ... ~. ·· ... ,.. -- .... -· 
~- . .· ...... ,.' g : ' · ·;<:> • · •. •:. • . ·:::.:. 

~ .- - ...,.... ... o. 
· to o •· 11 ... 0..- ... ~ ., . 

1Z · · · 0. · . .. ' '"'· · ·· 
-. . 

13~ -~- < ~--o.----:p·-- l-- - ..• ' lit ...... __ ~~ • .-:.....-. ...... ....___ __ -...., __ _ 

15 o. 
16 o. 

~Ztf~8~~G;z;;:~~;;1)~-:!:·~~:5~~~:::::;··~¥l .. :.& .~* ' -- .... ""1r" '":...c~ -:~-l-~ ~ .:t::.~~ 

- ~-~ ~3 ~-~.~Yo;~ -~ i~! ~~v~-\~~-~ .. • .':l'~ ~ ..... ·-;, .. ~·~ .. ~W ~~~~~ ;;. · :r.;, .. _:~i$~:~~ -- ~ ·· ~::, ·· ... ~ 
- r-

, ..... "'21 . /~'~':' '1)·-~--~·:·!";i".,.,.... -:•· . ,, . ·--~· .. -.., --~zz~ ~'II -.llt.,.o ..... e-.~-::--"-....-.........- ......... ___ ;;..' ,_~ ·· · 

23 .,., _ ... "" . ....... - ·· o. :,,. ··-.;; ,... ,-,- . ··-:. · . . ,., .... > .. ztt :....-.- · .:;-· ......... :.....· .. - o.-:~-- ·-~·-~.t..~ - ~ ...... ~ "' .... ., ... _ · ' .. ,.. 
- ~p .. ~~~~~-- .~ .-!..~~ "".;,-;rxu.; ;; ;;:: ~-.:=::~:·~.., .. r;~--~-:::.:.:~: .. . :.:__::·, :'f~-~-: :. 

. - ·· 27 .-~-- .. ~ ~ z: '( · - ~~ .. ..,o.t-' ~! ::1 .··-. _., ~-~ ·.~ •.• -... z 8 - -- ··- y: •. 0; . 
29 . 

" .. ...... 

SURF TEMP AVG. QUAl 
IF I 
5.40000E+OZ O. 
5.40000E+OZ O. 
5.40000E+OZ 0. 
5o40000E+OZ O. 
5.Z6000E+OZ 0. 
5.Z7000E+OZ O. 
5.40000E+OZ - O. 
5.40000E+OZ 0. 
5.40000E+02 0. 
5.40000E+02 O. 
5.2BOOOE+02 O. 
?·~~22Q~~2~ 2· 

·• 

POWR HZO 
IBTU/HRI 
6.Z6688E+Ol 
4o96578E+Ol 
2.75575E+01 
8.94664E+01 

-7.85489E-01 
-3.870lt6E-Ol 

l.65331E+01 
Z.ll689E+01 
3. B2927E +OZ 
4.68180E+OZ 

-4.18039E+OO 
-!·H~~g~QQ 
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w 
N 



RclAP4/C05 0!/02/76 ~1 ll ~ElAP4 THERMAl HTORAULIC CODE "CONFIGURATION . CONTROLIYES 
LOfT ll35-A?·3 .rf>._E-TES T i' REOICTlONS WITH NEW PRESSURHER IIODH CONCO•. 75 12/20176 

· .. .___ _._ . - . -
- - - "'j ,. - _:.,:· •.! 

JUNCT IO"M 1:0NMECTl14G CHOKE JCT • flOW JCT. ENTH • JCT • SPVl P R E S S U R E 0 I f F E R E If T I A l S 
NUMBER VOLU'IES . · !LB/SECI ! BTU/LBl IFT3fl8l STAG PSI ELEV PSI FRIC PSI ACCL PSI PUHP PSI 

1 z · TO ~ 1 -o · 0 · 5o964t50E+OZ 5.3't885E+OZ Z.lOHbE-02 " 3o84t6HE+OO -l.H53ZE+OO -Z.27510E+OO Zob3llt9E-OZ o. 
2 1 TO ~ 3 · 0 - 0 5,96643E+02 5,34895E+02 2.10427E-02 l.04467E+OO 9.16456E-01 -1.'15208E+OO 9.03863E-03 o. 
3 · 1 TO 28 0 0 1.19710E-Ol 5.34895E+02 2o104t27E-OZ -8.17183E-Ol 9o16456E-Ol -1.974t77E-03 9.7Z989E-OZ o. 
4 3 TO 4 0 ·o 5o96764E+02 5o34895E+02 2o10435E-02 6o24291E-Ol -1.05492E-15 -7.16565E-Ol -9.22741E-02 O. 

:-~ 4- .J>tr,- -7 ~ ..,. o-- o 96552E +OZ -5, H896Ei'1)-t- ·Z."'lo.37E-Ol- · 5o 79 778E-Ol -9 .H38ZE-l6 -6. 5HzttE-Ol -7 • 76467E-OZ 8• 
'TO -o··-o - a- - - 5,96411E'+02 - 5.34897F+02 - 2~10438E-02 ·t.ll9HE+OO -2.23363E-Ol -9.5ZlHE-01 -5.6086'tE-OZ , 

:-:>? · · -r·-rr tr--f-8 ·- . .,.._ .0 ·~ 5o96ltZ6E+02 5.348'HE+02 - Zol0440f-02 \ 5.5Hl09E+OO -2.92155£-01 -5.23936E+OO '-2•HZ29E-02 - 0. 
8 - ~ ·· ·· 7 "TO · 8 '() -. o · 5,"967HE+02 5.34902E+02 2o10452E-02 2.08547E+OO -1.52611E+OO -5.76330E-01 -1.69651E-02 O, 

·- - - ~ 8 · -T-O · · 'il · ·5.97Z16E+02-5.34908E+O.Z l'ol0't60E-OZ · Zol8015E+OO -1.1oltlt't5E+OO -6.9900ltE•01 3o66938E-OZ O. -· - ·lCr· ' TO ...,. l0-"1:1 · ... 0 -'-· 5.97413E+Oz~·· 5.34910E+O"Z 2.10lt66E-o2 · ·...;6.53863E-01 '·1.HH3E+OO -7.1683-BE-01 • 7.37292E-02 0. 
· 11 · ·- --- ·10: TO · 11 .0 0 5•97525E+OZ 5.H909E+OZ Z.l0lt65E-D2 -7.93820E-Ol 1.52607E+OO -6.61376E-01 7o0874H-gz O. ·~ .: ~ , 

' 12 · 1.1 TO 12 · o . 0 . ~.97416£+02 5.34907£+02 2ol0460E-02 4.39061E+OO 2.84HOE-Ol -lt.650lt5E+OO Z.46037E- 2 o. 
• '"'·-13 , 1fit~-J.l'::" '~"" · 5o97!88E-.02 · 5.349141!+02 · . Z•lOH5E-OZ -4t.9l"060E-Ol l.OZ013E+OO -4t.'tOZ50E-01 8.7821t1E-OZ -o. · -~-

. ,,. o - t "'0 -o• - 5 . 973"41!E'+02 --5.349tse•oz-·-z~l0416E-02 · 1.74HOE+Oo - Z.69593E-Ol -1.96H2E+OO lt.55685E.;;.oz 0. - -
. ··. t5 v- .- ..;,- t4t 0 '15 - 0 0 · 3.0l805E+OZ 5.H913E+OZ Z.l04t82E-OZ -1.39003E+O.l -7.67220E-Ol -6.613ll8E-Ol ' lo5276ZE-OZ "l.H'tHE+Ol 
. 6 14 TO 16 0 0 2.89617E+02 5.34'113E+02 2.10482E-02 . -1.50415E+Ol -7.67228E-Ol -2.35004E-Ol 1.15532E-02 lo60553E+O 
.,..,.,-· .L-7 . , ,..15-fl)-.---.L-1-•il 0-: . :-3o0792ZE+OZ··~ 5. H900E+OZ Zol0't38E-OZ -1.'t5871E+Ol -2.916Z7E-01 -5.6222ZE-Ol -9. 7504t7E-02 le53HlE+Of ~ 
- 8 - t-6 To· 18-• 0 0"" 2.89713E+02 - 5,3lt898E+02 ' 2ol0434E-02 -1.56786E+Ol -Z.91632E-Ol -1.81312E-Ol -9.6Zl28E-02 lo60553E+O 

U .-,-· - - ··17»10 .- i.9 · O·· O · 3.07878E+02 ~ · 5,H879E+02 Zo10396E-Ot 9o52661E-01 -3.Z8515E-15 -1.02340E+OO -7.07lt06E-OZ o. 
ZO -.. 18' .T0-"'-"' 19 ·o . 0 2.89711E+02 5,34878E+02 2.10389E-OZ 3.18lt48E+OO -6,81965E-15 -3.25292E+OO -6.84'tl3E-02 o. 
21 -- i;'J~fl) zo-- o ~ o-- -:- 5.97't25E+OZ· -5.34881E+OZ Zo10lt03E-OZ 1·.to2972E+OO -2.3't't75E-15 -1.61683E+00 · -1o87l08E-01 0. -
2 ~o-TO 21~ 0 5.~7ltl3E+OZ 5.3488ltE+02 Z.l0407E-02 3o06167E+OO 2.09301E-Ol -3.33752E+OO -6.65't91E-02 o.· 

w r 23 21· TO · 22 0 0 -· 5o98328E+02 5. H889E+OZ ZolOH2E-02 -2.07829E+OO · Z.lt8310E+OO -9. 71060E-OZ 3o07702E-Ol 0. 
W 24t . .• ZZ TO Z3 0 0 • 5.98008E+OZ 5.34890E+02 2.10406E-02 -1.57510E+OO Z.03555E+OO -4,93129E-01 -3.26857E-02 0. 

fj;o'I:U::::!:~F-...~:J~1 --· S.96o89"E+02 . 5 • H878E+OZ Z elO'tOOE-OZ· Z • 95151E+OO -z oZ36'tlE+OO· -1. HOHE-01 - ·1· 08l61E-03 · o.-
0 5~ 96427E+oz-· ~.34878E+02 ' · 2.10409E-02 " 2.56132E+OO -1.86260E+OO -6.74203E-Ol 2.45133E-02 0~ 

27 - ~ 21-·TO • ·Z.5 ·,.-.;-() ,0 -8.50060E-Ol 5.34885E+OZ Zol0410E-02 -4.61023£-02 -Z.09301E-Ol -6.50911E-03 -2.6191ZE-Ol o. 
Zlr ·• • 2' TO - Z6 '"' 0 0 -7.6'1456£-01 5.287'18E+02 2.09089E-02 -2.02838£-01 7o30097E-13 5.7'HlOE-07 -Z.02838E-01" o. 

r:- Z - ~rf-0- ~();--0 --'t.Z295ZE-03 5.28796E+OZ Z.09089E-02 -Z.4t3678E-01 -1.1621o6E-10 7. 72733E-08 -Z.U678E-g1 ·o. . ~ ~ o- !1- - - 7.84655E-03 5.22723£+02 2.07850E-02 -1.48036E-Ol -6.98678E-03 -7.9l413E-09 -1.550Z3E- 1 O. 
31 · - · · ~ - tt4 · TO ·.-.. -s7 ·· 0 ·11 O. It, 76090E+02 1oOOOOOE-02 Zo23088E+03 l.90870E+OO 0. o. 0. 
32 · , · - 28"' To -• 29 '' ' 0 0 5.07008E-Ol 5 . 34899E+02 2.10426£-02 -l.17117E-02 2.97300E-13 -2,92819E-07 -1.11720E-OZ 0. 

'7 .a.,.:: rt'J.x~-0 . .-l1l42E+OO - 5.32462E+GZ Z·.09886E-02 7.6~29'tE-03 -3,'t8537E-Ol -2.Z3845E-O't -3.Ul08E-Ol • O. 
·· -~ - "3"0""T~l'l--o '" o · t;-27700E+OO !L30029E+OT~ 2.09362E-02 8.25134E-Ol -l.l6654E+OO -4.77047E-04 -3.41Z81E~Ol o • 
. · 35 •.,- -~· 3"1 ~TO- 32.., 0 · O · 1ol2886E+OO 5.27592E+ClZ Z.08853E-02 1o30320E+OO -1.lt3627E+OO -4.10175E-04t -1.33't79E-Ol o • 
. 36 •' - ' 3~ TO ~ 33- 0 0 6.23182E-01 5.25164E+02 2o0836ZE-02 -1.50736E+OO 1.43988E+OO -1.23976E-Olt -6.76054E-02 0. 

~+8 . ~ 't.06605E-01 5.Z2740E+OZ Z.07868E-02 -1.27145E+OO 1.5260'tE+OO -1.67Z66E-05 Z.54581E-Ol ~. • 
38 ~ 5 ~~ · 3.84918E-Ol - 5,20368E+OZ 2.07336E-02 -8.58616E-Ol 1.12521E+OO -2.54403E-04 2.66335E-01 0. 
39 •· - 35 T-0- -· 36 . 0 0 · Zo760't3E-Ol 5ol9179E'+02 Z.070HE-OZ 6.52329E-01 -4t.59764E-Ol -1.3336ZE-04 1o92't32E-Ol o.· 
4o-~-- 36 T~ - ~5~ 0 11 ' 2,32926E-01 5.17990£+02 2o06819E-02 8,15B68E-Ol -6.75037E-Ol -1.81552E-05 1o40813E-Ol 0. ---------

"";;1t:f·t:::;;;::;~'t5 3" ~1-1--- O . .. _ - 't.76091E+OZ 1.00000E-OZ Zo22500E+03 1o90870E+OO 0. O. o.-
~ ~9 0 0 -6.41642£-01 ~.34900E+02 Z.10427E-02 5.84573E-Ol -3.57517E-Ol 2.67lt91E-06 2.27058E-01 0. 

26 TO 38 0 0 -6.83430£-01 5.30026E+02 2.09350E-02 8.66058E-Ol -lt.97337E-Ol 3.31B92E-06 3o687Z4E-Ol o. 
4~ Ttl - lt6 0 0 o. 5.80221E+Ol 1. 79762E-02 -1.66389E+03 4,00987E+OO 0. o. o. 

=--*,.._,...,.,,._.40"--f 0 .2"8220E-QZ 5.6229ltE+02 2ol694ZE-02 -5,8l230E-Ol 7.99651E-01 -it. 97694E-OZ 1ob865ZE-01 0. 
4 Ttl "40 o- ·· o '7,9557BE-02 7.02800E+02 2.70328E-02 -9.980'12E-Ol lo08091E+OO -9.7b225E-04 B.18389E-02 0. 

- . 't6 TO 23 0 0 -3.45957E-Ol 5,34882E+02 2.10400E-02 -5.02612E-01 2.12230E+OO -1.87404E-04 lo6l950E+OO o. 
-· 47 ro · - 27 0 11 -4, 66437E-04 5.22723E+02 2.09088E-02 -3.07647E-01 o. -5.54131E-08 -3.07647E-Ol 0. 

~:u·~2:::;:-::q~,o , ~ --lO ~ - -o. · o. o. o. o. o. o. o. 
~o Ttl --o ~· o o. o. o. o. o. o. o. o. 
JUNCTIJN · 

lt8f-it ,.,. 
l 
2 
2 

SLIP VEL. 
TISEO 

0. -- - . 
o. 
n 

l IOUID VEL. 
IFTISECI 
2 ,614b<tE+Ol 
1.8390ZE+Ol 
"l £.00'7 0C _ I"\") 

VAPOR VEL. 
IFT/SECl 
2.61464E+Ol 
l. 8 3902 t +;)l 
., 1. u n .., n r·_ "' ., 

JCT. FLOII-L 
ILSM/SEC l 
?.96450E+02 
~·~~~~~~+~~ 

JCT. FLOW-G 
ILBM/SECI o. 
~· 

SAT, H-L 
IBTU/LBMI 
5,34887E+02 
? ·~~ ~n~~2~ 

SAT, H-G 
IBTU/l8MI o. o. 

FLOW-WEIGHTED H 
I 8TlUL8HI 
5,3t,887E+OZ 
~·~~~~~§·2~ 
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~ CPU -I' ft~::' • ~1·~ 
JUNCTllllt- ':". ·· · SLIP VEL. · · liQUID VEl: • . VAPOR -- VfL.- · .ICT. HOW-l 

NUI1BER --- · (FTISECJ - ' CFT/SECI CFT/s-ECI ' CLBI1/SECI 
!iO ::~·..:.~ -,....-~_o. -~ --;: :~·:-_ o._~ _ .. ·~ · ·o.· -: 

PLOT i!.Eft;JRO -z 

JCT • FLOW-G 
llBI1/SEC: - o • . 

S.AT. H-l 
C BTU/LBI11 o. - . 

SAT • H-G 
IBTU/LBI1J" 

~ --

. .... :' . ·. 

FLOW-WEIGHT£0 H 
UTU/L8111 o. -
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APPENDIX B 

INPUT AND TIME = 0.0 LISTING FOR THE 
POSTTEST ANALYSIS RUN 
(RELAP4 RUN Ll35-A22) 

137 
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