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PWR BLOVDOKN HEAT TRANSFER SEPARATE-EFFECTS PROGRAM DATA 
EVALUATION REPORT - SYSTEM RESPONSE FOR THERMAL-

HYDRAULIC TEST FACILITY TEST SERIES 100 

R. A. Hedrick 
V. G. Crsddick C. R. Hyann K. G. Turnage 

ABSTRACT 

Selected reduced instrument responses and analyses 
of the indicated phenomena are presented for Thermal-
Hydraulic Test Facility (THTF) test series 100, which is 
part of the PVR Blovdown Heat Transfer Separate-Effects 
Program. The objective of the program is to investigate 
the thermal-hydraulic phenomena that govern the energy 
transfer and transport processes occurring during a postu
lated loss-of-coolant accident in a pressurized-vater 
reactor systes. 

Comparisons are made between the trends indicated 
by the reduced instrument responses and the thermal-
hydraulic transient simulator RELAPVMOD5 (upcate 2) 
to aid in understanding the phenomenological sequences. 
The results of verification studies of RELAP's perfor
mance in prediction of the "IHTF data are presented. 

I. INTRODUCTION 

The ORXL Pressurized-Vater Reactor (PVR) Blovdovn Heat Transfer 
(BDHT) Program1 is a separate-effects study of the relationships betveen 
the principal variables that can alter the rate of blovdown, the presence 
of flow reversals, time delay to critical heat flux (CHF), the rate at 
which di>out progresses, and similar time- and space-related functions 
that are important in loss-of-coolant accident (LOCA) analysis. Primary-
test results are obtained from the Thermal-Hydraulic Test Facility (THTF), 
a large nonnuclear pressurized-vater loop incorporating a 49-rod elec
trically heated bundle in 7 * 7 geometry. 

Test series 100, the first test series conducted in the THTF with 
bundle 1 in place,2~ was conducted from April 23 to August 19, 1976 
(Table 1.1). It was composed of six tests designed to provide baseline 
information on (1) the response of the test facility to full-sc;.le opera
tion and transient conditions, (2) ths thermal-hydraulic parameters 
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necessary to provide input to the digital simulators, and (3) the sequence 
of events occurring during a blowdowa in the THTF. 

This report deals with thermal-hydraulic phfc^cmena occurrieg In. the 
THTF as a whole; the test section heat transfer will be analyzed in detail 
in a later report.* All RELAP calculations made for this report utilised 
the load nodule for* of RELAP4/HQD5 (update 2).* For brevity, they will 
be referred to simply as RELAP calculations or predictions. 

Experiments 100 through 105 are described and comparisons o c predic
tions and measured data presented. It should be noted that attainment of 
the best possible agreement between all calculated and measured quantities 
was not the only goal. In some cases, closer agreement between predicted 
and experiments! data could have been achieved by altering input parameters 
to compensate for inaccuracies inherent in the code. When RELAP is used 
before the modeled event has occurred, however, the user has no way of 
anticipating what compensation is needed. The RELAP modeling options used 
represent our best judgment of correct modeling techniques. The "minimum 
controls'* option was specified, allowing complete freedom in choosing among 
available RELAP code options. (The overall performance of RELAP in loop 
hydraulics will be evaluated in a later section of this report.) The RELAP 
system model of the THTF (Fig. 1.1), listed in Appendix A, was used in the 
analysis described in the sections on each test.1* Other RELAP models will 
be described in the code verification section (Chap. VIII) and in Appendi
ces B and C. For all cases, a trip was used to stop the calculations when 
the pressure in the pressurizer fell below 1.38 MS/m* (200 psia). 

In any code verification study, the accuracy of experimental data 
being compared to calculations should be considered carefully. Temperature 
and absolute pressure measurements in the THTF closely approximate the 
actual phenomena as evidenced by concurrence of several Instruments during 
blowdowns. Extensive calibrations of these instruments, which have small 
quoted errors in precision (Table 1.2), were conducted. The output signals 
from pressure difference transducers (such as PdE-199, PdE-200, and PdE-30) 
have had excessive "ringing."" Difficulties inherent in the measurement 
of two-phase mass flow rates, volumetric flow rates, and densities are 
well documented. 1 l * l i However, some special problems have been encountered 
with the THTF data for these tests. For example, uncertainties in the 
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Table 1.2. Precision of experimental measurements 
in toe THTF for test series 100 

Srst« Standard deviation 

Pressure measurement 
Computer-Controlled Data Acquisition 
System (CCDAS) 

Analog tape system 

Pressure difference measurement 
CCDAS 

6.89-tftt/m2 (1000-psid) span 

1.38-MK/m* (200-psid) span 

0.34-HS/m2 (50-psid) span 

Analog tape system 

6.89-itt/m z (1000-psid) span 

1.38-tCt/m2 (200-psid) span 

0.34-tflI/*2 (50-psid) span 
nt 
:asu 

Temperature measur 
Electric con? power 

Rod current 
Rod voltage 

Momentum flux measur 
CCDAS 

Analog tape syst< 

density measurement at 
961 kg/m3 (60 lb /ft 3) 

nt 

0.185 !« /m 2 

(26.8 ps ig ) 
0.197 !K/m 7 

(28.5 ps ig) 

0.025 ! « / B 2 

(3.6 psid) 
0.005 !«/n 2 

(0.72 psid) 
0.001 MX/m* 
(0.18 psid) 

0.033 JB/m2 

(4.8 psid) 
0.007 !«/m2 

(0.95 psid) 
0.002 Ml/m2 

(0.24 psid) 
2.4 K (4.3*F) 

0.877 A 
0.304 V 

6793 kg/m-sec2 

(1565 lb /ft-sec2) 
7661 kg/m'sec2 

(5148 lb^/ft-sec2) 

12.9 kg/m3 

(0.81 lb /ft') 
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calibration of THTF turbine neters resulted in possible errors of over 
0.00631 nVsec (100 gpm) at soae locations for sone tests (Table 1.3). 
Also, the inlet vertical turbine (FE-166) and the outlet horizontal tar-
bine (FE-34) sonetines reversed polarity during tests 103, 104, and 105 
when their signals were apparently affected by changes in the rod bundle 
power and/or vibrations. 

Because of the inertia of turbine neter rotors used in the TBTF and 
the delay in frequency-to-voltage conversion in the THTF flow aonitors, 
output signals tend to lag the actual pbenonena in the fast flow tran
sients. Available knowledge about the dynamics of the rotors and the 
monitor electronics is being used to recover as much useful information 
as possible from the turbine meter signals. Two plots of turbine aeter 
data which were processed using current reduction techniques will be pre
sented in the RELAP data coaparison section for teat 105. 

Calculated aass flow plots presented in this report 1 3 include both a 
hoaogeneous aass flow and a aass flow calculated by the Aya method.1* 
The hoaogeneous aass flow is calculated fron densitometer and turbine 
aeter readings assuming no slip. This assumption is often inadequate 
in two-phase flow. The Aya method incorporates slip through the use of 
drag dirV readings. Extensive efforts have been made to calibrate the 
THTF drag disks, but their effective range is quite large and thus during 
periods of low flow, the signal being measured is of the same order of 
magnitude as the uncertainty in the reading. 

Errors in the single-beam densitometer readings uay sometimes be due 
to the occurrence of stratified flow or other flow regimes where the 
average density along the beam is not representative of the average den
sity in the spool piece. 

In the THTF test section, the heater rods have a steel sheath sepa
rating the sheath thermocouples from the surface and thus their tempera
tures are not directly comparable to RELAP's predicted surface tempera
tures. A computer program entitled ORIHC was written to calculate the 
transient surface temperatures and the surface heat flaxes so that such 
comparisons could be made.1* ORISC uses data from calibration experiments 
and from the sheath thermocouples and power input monitors for the actual 
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Table 1.3. Precisioo af f !uv aeasureaents in 
the THTF for test series 100 

Measureaent systc Forward Reverse 

FE-19 

FE-166 

FE-216 

FE-34 

All tests except test 101 

+0.0009 a'/sec 
(+13.9? gpa) 

-0.0002 a3/sec 
(-2.90 gpa) 

+0.0012 a3/sec 
(+13.74 gpa) 

-0.0005 a 3 / sec 
( -7.63 gpa) 

+0.0048 i 
(+75.59 

-0 .0041 i 
(-64.52 

+0.0021 I 
(+33.39 

-0.0007 i 
(-11.26 

i 5 / s e c 

i /sec 
K » ) 
iVsec 
8P") 
i / sec 
gp"> 

+0.0011 a 3 / s e c 
(+16.77 gpa) 

-0.0004 a 3 / sec 
( -5 .70 gpa) 

+0.0010 at 3/sec 
(+16.15 gpa) 

-0 .0003 a 3 / sec 
( -5 .09 gpa) 

+0.0020 a 3 / sec 
(+31.79 gpa) 

-0 .0013 aVsec 
(-20.72 gpa) 

+0.0124 «i 3 /sec 
(+19/.11 gpa) 

-0 .0110 a 3 /sec 
(-174.97 gpo) 

FE-19 

FE-U6 

FE-216 

FE-34 

Test 101 

+0.0018 a'/sec 
(+28.59 gpa) 

-0.0004 a3/sec 
(-6.45 gpa) 

+0.0051 a J / sec 
(+81.55 gpe) 

-0.0037 aVsec 
(-59.41 gpa) 

+0.0101 a3/sec 
(+159.35 gpa) 

-0.008? a 3 / sec 
(-137.21 gpa) 

fsec +0.0021 a J 

(+33.39 
-0.0007 a ' /sec 

(-11.26 gpa) 

gpa) 
» /se< 

+0.0022 eVsec 
(34.15 gpa) 

-0 .0008 ii?/sec 
(-12.02 gpa) 

+0.0034 a 3 /sec 
(+53.43 gpa) 

-0.0020 a3/sec 
(-31.29 gpa) 

+0.0040 a3/sec 
(63.35 gpa) 

-0 .0026 aVsec 
(-41.21 gpa) 

+0.0124 a 3 /sec 
(+197.11 gpa) 

-0 .0110 a 3 / sec 
(-174.97 gpa) 
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bloudovn. Azimuthal variations in the heat flux are not currently taken 
into account. 

The purpose of this report is to provide analysis of the data ob
tained from this test series and to present comparisons of the reduced 
instrument responses and desired calculated quantities vith those parame
ters predicted by the theraal-hydraulic transient simulator RELAP4/M0D3 
(update 2). In areas vhere significant discrepancies were found between 
calculated and measured hydraulic quantities, efforts have been made to 
locate the sources of the errors. This report contains complete sections 
OR each test and conclusions for the test series. Figures 1.2 through 
1.5 show the test facility spatial positions and instrument locations 
referred to in each section. 
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Fig. 1.3. THTF instrumentation diagram. 
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O NO T/C 
• SHEATH T/C 
• CENTRAL T/C 
• SHEATH * CENTRAL T/C 
• V SPACE* GRID 

Fig. 1.4. Location of thermocouples in THTF bundle 1. 
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ORNL-DWG 7 6 - 1 9 8 9 4 

Fig. 1.5. Identification of THTF heater rod and subchannel locations 
in bundles 1 and 2. 
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II. TEST JOO 

II.1. Description 

Test 100,* the first blovdoun test in the TuTF with bundle 1 in place, 
was conducted on April 23, 1976. It provided data on the response of ban-
die 1 and the instrumented spool pieces (with flow-homogenizing screens 
installed) to a double-ended primary system rupture with equal break areas 
[6.27 cm 2 (0.0067 ft 2)] at the test section inlet and outlet. Although 
this was an isothermal test, the main heat exchanges were operated with 
primary side flows and the secondary sides drained and vented. The pri
mary coolant pump was tripped coincident with break initiation. The TffTF 
fluid conditions immediately preceding rupture are presented in Tables 
II.1 and II.2. 

Test 100 provided operational verification of the data acquisition 
system and of the mechanical and electrical systems used to control the 
THTF. The test was isothermal to provide baseline hydraulic information 
oc the response of the experimental facility without the large forcing 
function supplied by the electric core. As a result, the comparison of 
tbe data to RELAP's prediction of the hydraulic response and an evaluation 
of the techniques used to build the RELAP model were made easier. 

II.2. Thermal Hydraulics 

For test 100, the pressure traces at various locations around the 
loop had similar shapes but different magnitudes. The pressures in the 
horizontal outlet spool piece and the pressurixer appear in Figs. II.1 
and II.2, respectively. From 0 to 2 sec. the RELAP predicted pressure 
is lower in the pressurixer when compared with the experimental data, but 
is higher in the spool piece. These data fit the general trend for this 
series; that is, the closer to the breaks, the greater the pressure re
surgence. Between 2 and 2.5 sec, the experimental data show a small but 
obvious dip in the pressurizer pressure. This dip occurred because of 
extraneous signals on the data acquisition system and is not believed to 
represent a pressure phenomenon. From 2 to 3 sec, the experimentally 
measured pressure trace tends to flatten due to the effect of saturation 
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O R N l DWG 77 178S6 

THTF TEST 100 COMPARED TO RFURP4M5U2 

rue 
Fig. II.1. Horizontal outlet spool piece pressure. 

ORNL OWG77 17896 

THTF TEST 100 COMPARED TO RELHP1MSU2 

TUC 

Fig. II.2. Pressurizer pressure. 
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on the sonic velocity and density of the fluid at the outlet break. At 
the saturation point, the sonic velocity and density decrease radically, 
lessening the Magnitude of choked flaw hrough the break. Saturation at 
the inlet break occurs at 5 sec but does not produce as anch flattening 
of the pressure trace as the outlet saturation. For the first 6 sec, 
RELAP predicts too much depressurization in the pressurizer yet does not 
disagree appreciably vith the experimental pressure at the spool piece. 
This "skewing" effect is reflected by the pressure difference across the 
main heat exchanger bypass valve (Fig. II.3). For the remainder of the 
transient, RELAP predicts pressures closely approximating those measured 
experimentally. The spool piece pressure comparison is typical of the 
pressures at other locations around the loop. 

Comparisons of the calculated and measured loop temperatures are 
very similar to the pressure comparisons because the fluid is two-phase 
for the majority of the transient. Figure II.4, the horizontal outlet 
fluid temperature, indicates that a temperature rise occurs when pres
surizer fluid arrives and that RELAP predicts this arrival too soon. Fig
ure II.5 shows a similar RELAP temperature rise in the horizontal inlet 
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Fig. I I . 3 . Main heat exchanger pressure difference. 
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THTP TEST 100 COTPfiRED TO RELflP4K5U2 

TO* 

Fig. 11.4. Horizontal outlet spool piece teaperature. 

THTF TEST 100 COHPflRED TO RELfiP4H5U2 
tl 1. 

TIIC 

Fig. U.S. Horizontal inlet spool place teaperature. 
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spool piece but none in the experiaental data. The experiaental transport 
tiae of the leading edge of the pressurizer fluid to the hoixontal outlet 
spool piece is approximately 2.5 sec. RELAP transfers soae of the energy 
of the pressurizer fluid to that spool piece in approximately 1 sec. 
Another teaperature rise is seen at the horizontal outlet late in the 
transient, which is indicative of heat transfer froa hot aetal in contact 
with the low-pressure fluid and subsequent dryout. 

The densities at the outlet spool pieces are shown in Figs. II.6 and 
II.7. Because of the predicted teaperature rise, the calculated densities 
of the subcooled fluid gradually decrease until saturation. The experi
aental data show no such decrease. The experiaental saturation tiaes 
are 2.8 and 2.5 sec for the vertical and horizontal outlet spool pieces, 
respectively. Note that since RELAP predicts the teaperature rise too 
soon, it also predicts saturation too soon. 

There is a sudden rise in the RELAP and experiaental densities in 
the vertical outlet at approximately 4 and 6 sec, respectively (Fig. II.7). 

1HTF TEST 1D0 COTPflRED TO RELRP4n5U2 

rue 

Fig. II.6. Horizontal outlet spool piece density. 
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ORNL DWG 77 1W01 

THTF TEST 100 COrTflRED TO R£LflP4rSU2 

nc 
Fig. 11.7. Vertical outlet spool piece density. 

This rise is the result of a second flow reversal in the vertical outlet 
spool piece as seen in the volumetric flow aeasured by the vertical outlet 
turbine meter (Fig. II.8). It is cl-ar that the flow direction reverses soon 
after the initiation of blowdovn and continues to flow negatively until 
approximately 5 sec. Pressurixer fluid is indicated at the outlet at 
approximately 3 sec (Fig. 11.4), allowing penetration of hot fluid into 
the upper part of the test section. The hot water appears to have traveled 
at least as far as the subchannel thermocouple region (Fig. II.9). The 
second flow reversal probably occurs as the last of the pressurixer fluid 
passes the outlet break. Therefore, the density rise in the vertical out
let spool piece denotes the passage of water which was in the test section 
prior to the injection of the hot pressurixer fluid. RELAP predicts this 
flow reversal and subsequent density rise too soon (Fig. II.7). The inlet 
spool piece density comparisons are not presented for this test because of 
densitometer failures. 

The volumetric flows for the horizontal outlet and the vertical and 
horizontal inlets are presented in Figs. 11.10 to 11.12. respectively. 
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TKTF TEST IOC CGnPflRET TC a£LflP4KSU2 

THC 
Fig. II.8. Vertical outlet spool piece volumetric flov. 
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Fig. TI.9. Test section subchannel teaperatures. 
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OF.Ht.-OWG 77-1 

THTF TEST IOC G^PflREC TO RELRP«SiC 

Fig. 11.10. Horizontal outlet spool piece volumetric flow. 

QRNL-OMG77 17906 

THTF TEST 100 COMPflRED TO RCJP4R5U2 

nic 
Pig. 11.11. Vertical inlet spool piece volumetric flow. 
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«-« «K SM roc 
Fig. 11.12. Horizontal inlet spool piece voluaetric fit* 

The horizontal outlet flow is negative for the duration of the transient 
(Fig. 11.10), while the flow in the vertical inlet is strongly negative 
only for the first 4 sec (Fig. 11.11). Because the pressurizer dominates 
the outlet break, there is negative flow in the veitical outlet and the 
flow at the vertical inlet is therefore ouch more negative than it would 
have been otherwise. IKiring this period of time, the inlet break is being 
fed substantially through the vertical spool piece. After the second re
versal at the vertical outlet, the negative flow at the vertical inlet is 
reduced (Fiji. 11.11). It is at this point tb*t the flow at the horizontal 
inlet increases (Fig. 11.12); however, this increased flow is short lived 
because of vertical inlet saturation at 5 sec (Fig. 11.13). This satura
tion decreases the magnitudes of the flc<is coming from both the horizontal 
and the vertical inlets by decreasing the critical mass flow at the inlet 
break. Saturation at the horizontal inlet finally occurs at approximately 
6 sec (Fig. II.5). The volumetric flows remain depressed until 7 sec, when 
there is an increase in both the horizontal and vertical inlet spool 
pieces. 



24 

IHir Test 100 COfrtCD TO RELflP4r15U2 
IT 1. 

IK 
Fig. 11.13. Vertical inlet spool piece teaperature. 

The mass flows for the horizontal and vertical outlets, presented in 
Figs. 11.14 and II.IS, respectively, shov the sane characteristics as the 
volumetric flows previously described. Xote that, after approximately 10 
sec, the volunetric flows increase as the -iiss flows decrease or remain 
the sane. With decreasing densities around the loop, large velocities are 
generated from the existing pressure differentials, driving the volunetric 
flows upward. 

Since test 100 was an isothermal test, the core fluid behavior is, in 
general, uninteresting. Comparisons of RELAP-predicted surface tenperature 
with the surface tenperature of a particular rod as calculated by ORINC 
(see Chapter 1) are presented in Figs. 11.16 and 11.17. Figure 11.16 
presents data from the upper end of the test section, where the effect of 
the pressurizer water is seen as a slight teaperature rise at 5 sec. The 
flattening of the teaperature trace late in the transient is due to dryout 
In the upper regions of the test section. Figure 11.17 presents data from 
the lower end of the test section. The pressurizer water did not reach 
that level in the test section and therefore is not seen in the traces. 
Also, the dryout effect is less pronounced in that region. 
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lr 

Fig. 11.14. Horizontal outlet spool piece nass flow. 

0 « \ L OWG ~rt T790S 

THTT TEST ICO COflPflRED TO RELflP4r<5U2 nflSSFLGk 

Tnc 
Fig. 11.15. Vertical outlet spool piece mass flow. 
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THIF TEST ICC GCTPPREC TO 5£LFP4T5U2 
, —. . o 

TBC 

Fig. 11.16. Surface teaperature, rod 18, level J. 

ORNL-CMG » m n 

THTF TEST IOC CCPPflRED TC SE_PP4ra2 

TtlC 

Fig. 11.17. Surface teaperatuie, rod 18, level E. 



27 

III. TEST 101 

III.l. Description 

Test 101, the second test conducted in the THTF vith bundle 1 in 
place,3 was conducted on :-!:»y 27, 1976, to investigate the thernal-hydraulic 
response of bundle I and the sain heat exchanger to powered conditions. 
The break configuration was an outlet break with an area of 6.27 en 2 

(0.0067 ft 2). This test was performed at 25* of full power with the elec
tric core and primary coolant puap tripped and the closure of sain heat 
exchanger secondary side valves initiated coincident with rupture. The 
THTF fluid conditions immediately preceding rupture are presented in Tables 
III. 1 and III.2. 

Test 101 provided operational verification of the mechanical and elec
trical systems used to control the THTF under powered conditions. The test 
had low rod power to provide an adequate safety marg*n during operational 
verification of the power circuits and safety trip systems of the THTF. 
The transient data provided an intermediate step in the evaluation of 
the RELAP models and their input parameters. 

III.2. Thermal Hydraulics 

Since test 101 had only an outlet break, the sequence of events dif
fers from the other powered tests in the 100 series. The depressurization 
rate in this test was much slower because of the reduced total break area. 
A typical pressure plot is presented in Fig. III.l for the vertical outlet. 
As noted previously, the pressurizer-induced pressure resurgence is great
est at the point of maximum depressurization. In test 101, this occurred 
at the outlet spool pieces. RELAP's calculated pressures for the spool 
pieces fall after too great a resurgence and become low compared to the 
experimental data. The crossover point in the calculated and experimen
tally measured pressures is between 1 and 2 sec. At approximately 3.S sec, 
there is a flattening of the pressure trace in the experimental data. 
This effect corresponds to saturation at the horizontal outlet and is due 
to reduced critical flow through the outlet break. 
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THTF TEST 101 CONPflRED TO RELHP4H5U2 

rnc 
Fig. III.l. Vertical outlet spool piece pressure. 

Differential pressure transducer P.T-199 Measured Che pressure drop 
across the rod bundle during the transient (Fig. III.2). Since the test 
had only an outlet break, the flow in the test section was positive and 
had a positive pressure difference. The large oscillations in the experi-
nentrl data early in the transient are due to the effect of "ringing" in 
the lines to the transducer. 

The teaperature at the horizontal outlet spool piece is presented in 
Fig. III.3. The sharp dip in the experimental data at 2.5 sec occurs as 
the leading edge of the subcooled water, initially between the heat ex
changers and the pressurixer, reaches the horizontal outlet. The sharp 
rise in the data at 3 sec indicates the leading edge of the hot 'pressur
ixer fluid as it passes the horizontal outlet. This fluid induced satura
tion in that spool piece at approximately 3.3 sec. RELAP's prediction does 
not show this draaatic dip in the teaperatures although it does predict a 
slightly lower teaperature than the experiaental data before the arrival 
of the cold fluid. Also, RELAP does not predict as high a teaperature as 
the experiaental data after the passage of the subcooled fluid. The fact 
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OR\L OHO TZ 17913 

THTF TEST 101 GOHPflRED TO RELRP4NSU2 

Fig. I II .2 . Rod bundle pressure difference. 

ORNL OMG n iq i< 

THTF TEST 101 COflPflRED TO RELflP4rt5U2 

i f t i > » t i » 

Fig. I II .3 . Horisontal outlet spool piece teaperature. 
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that RELAP mixes fluid at sharp temperature interfaces explains why RELAP 
does not predict as cold or as hot a temperature as the data for the hori
zontal outlet spool piece. The vertical outlet temperature plot (Fig. 
111.4) shows a gradual temperature decrease before saturation at 6 sec. 
At the initiation of blowdown, the temperature of the fluid at the top 
and bottom of the core was 572 K (370*F) and 559 K (347%F), respectively. 
Because flow through the rod bundle is positive, the temperature of the 
subcooled fluid flowing at the vertical outlet will decrease before satur
ation. At 6 sec, saturation occurs and the temperature follows the satur
ation pressure for the rest of the transient. 

The measured density for the horizontal outlet spool piece (Fig. 
111.5) shows the initial passage of the subcooled fluid between the heat 
exchanger and the pressurizer as a density rise at 2.5 sec. RELAP*s cal
culation distributes .-.his cold water so that no sharp density increase 
appears. Saturation occurs at 3.3 sec with the appearance of hot pressur-
izer fluid. Because of the smelting effect,, toe influence of RELAP*s lov 
pressures on time to saturation is negated. The low-pressure effect is 
seen in the vertical outlet density (Fig. III.ft), where the RELAP-generared 

THTF TEST 101 COHPHRED TO REURP«5U2 

Fig. III.4. Vertical outlet spool piece temperature. 
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THTF TEST 101 COHPflRED TO RELflP4rt5U2 

me 
Fig. I I I . 5 . Horizontal out le t spool piece density . 

THTF TEST 101 COHPflRED TO RELflP4T15U2 

me 
Fig. III.6. Vertical outlet spool piece density. 
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saturation point occurs almost 1 sec before the experimental data at 7 
sec. The densities for the horizontal and vertical inlets are presented 
in Figs. III.7 and III.8, respectively. The saturation times at these 
spool pieces are about 10 sec, as indicated by the teaperatures in each 
spool piece (Figs. III.9 and III.10). The reason for the apparent late 
saturation of the horizontal inlet as indicated by the density plot is 
believed to be stratification of flow in that spool piece. Low flow, 
which is conducive to stratification, existed in that spool piece at the 
time of saturation (Fig. III.11). Because of the orientation of the ver
tical spool piece, gravity—induced phase separation cannot occur without 
detection. The negative density in the horizontal inlet late in the tran
sient (shown by the experimental data) is a result of iiaccurate calibra
tion of the instrument response. 

The mass flows for the outlet spool pieces are presented in Figs. 
III.12 and III.13. The mass flow in the horizontal outlet is strongly 
negative for the first 3.S sec. With the arrival of pressurizer water, 
saturation occurs and the critical flow out of the break is reduced. As 

0«\L DWG 7 7 T.-̂ 'S 

THTF TEST 101 COtfWED TO RELflP4H5U2 
ri 

TPC 

Fig. III.7. Horizontal inlet spool piece density. 
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ORHC QMIG ?7 17919 

THTT TEST 101 COMPERED TO RELRP«t5U2 

TOC 

Fig. III.8. Vertical inlet spool piece density. 

ORHL OMG 17 11930 

THtr TEST 101 GOnPflRED TO RELRP4M5U2 

Fig. III.9. Horizontal inlet spool piece temperature. 
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THIF TEST 101 COWWE0 TO RELflP4H5U2 

Fig. III.10. Vertical inlet spool piece teaperature. 

THTT TEST 1CI COflPflRED TC 3ELflP4H5^2 

TIIC 

Fig. III.11. Horizontal inlet spool piece voluaetric flow. 
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QRNL DWG 17X1931 

THTF TEST 101 COnPflRED TO RELFP4H5U2 HRSSTLOH 

Fig. III.12. Horizontal outlet spool piece «ass flow. 

ORNL DWG ?? 179M 

THTF TEST 101 COnPflRED TO REURPH15U2 ffiSSFUOM 

Fig. III.13. Vertical outlet spool piece aass flow. 
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a result, the horizontal outlet flow drops at 3.5 sec. At 7 sec, the flow 
decreases further toward xero. This is probably due to the depletion of 
hot pressurizer water, thw> reducing its potential for driving flow out 
of the break. When this reduction of mass flow occurs at the horizontal 
outlet, the flow through the vertical outlet increases. 

The response of the test section for test 101 will be analyzed in a 
subsequent report. However, soae examples of RELAP's comparisons with the 
data will be presented here. In Fig. III.14, a plot of RELAP's surface 
temperatures for^the secocd core slab is overlayed with the surface tem
perature ot •* heater rod at level E as calculated by ORIXC (see Chapter 
I). Figure III.15 is a similar comparison for the same rod at the fourth 
core slab. 

THTF TEST 101 COffPfiRED TO RELflP4M5U2 

TUC 

Fig. III.14. Surface temperature, rod 9, level E. 
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THTF TEST 101 COtfflRED TO R£LflP4n3J2 

Fig. I I I . 1 5 . Surface temperature, rod 9 , l eve l J . 
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IV. TEST 102 

IV.1. Description 

Test 102, the third test in the THTF with bundle 1 in place,* was 
conducted on June 18, 1976, to investigate the thermal-hydraulic response 
of the THTF under full-power steady-state and blowdown conditions. This 
was the first full-pover (122-*M/rod) test perforaed in the facility. The 
electric core and primary coolant pump were tripped, and closure of the 
main heat exchanger secondary side valves was initiated coincident with 
rupture. The THTF fluid conditions immediately preceding rupture are pre
sented in Table IV.1 and IV.2. 

Test 102 provided operational verification of the mechanical and 
electrical systems used to control the THTF under the full range of pow
ered conditions. The steady-state data obtained during test 102 comprises 
the initial calibration data base for the electric core thermocouples and 
the flow instrumentation. In order to provide as much safety margin as 
possible and still obtain full-power verification of the data and safety 
systems, the electric core power was tripped coincident with rupture. The 
transient data, therefore, provides a baseline case for departure from 
nucleate boiling (DKo) and critical heat flux (CHF) comparisons with other 
tests in the series. 

IY.2. Thermal Hydraulics 

Test 102 was the first TETF blowdown experiment performed with full-
power bundle and fluid conditions. Like tests 100 and 104, the break area 
was divided equally between the inlet and the outlet. The hydraulic tran
sient in test 102 was similar to those for tests 103, 104, and 105, since 
initial fluid temperatures were nearly the same. The power to the rod 
bundle was tripped at 0.05 sec after rupture. 

A typical spool piece pressure response is shown in Fig. IV.1. Start
ing from 47.5 Ml/m2 (2250 psig), the pressure drops to 43.6 HR/m* (1900 
psig), vhich is the saturation pressure of the hot-leg fluid. The pressure 
rebounds slightly while the fluid in the pressurizer expands rapidly and 
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THIF TEST 102 COflPflRED TO RQJRP4M5U2 

(7S?r 

nic 
Fig. tV.l. Vertical outlet spool piece pressure. 

cools. Water, which was initially between the heat exchanger outlet mix
ing tee and the pressurizer surge line, arrives at the outlet at 3 sec 
(Fig. IV.2). After passage of this "plug" of fluid, more rapid depres-
surixation resumes at 4.5 sec. When fluid at the inlet horizontal spool 
piece flashes at 7 sec, the depressurization again slows; the predicted 
pressure shows the sane effect beginning at 5 sec. Subsequent fluctua
tions in the pressure coincide with arrival of "plugs" of low-quality 
fluid at the outlet blowdown plenum froa the horizontal outlet piping. 

The calculated and measured pressure differentials across the aain 
heat exchangers and their control valves are shown in Fig. IV.3. The 
difference quickly becomes negative as the froot-side pressure drops below 
that of the back and flow reverses through the heat exchangers and bypass. 
Although several large fluctuations in this pressure difference were mea
sured, they were not predicted by RELAP. These may correspond to smaller 
measured fluctuations occurring at the same times at the horizontal outlet 
spool piece turbine meter and densitometer (Fig. IV.2). Large pressure 
drops also occur across the flow-control valves downstream of the primary 
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Fig. IV.2. Horizontal outlet spool piece density. 
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Fig. IV.3. Main heat exchanger pressure difference. 
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pump. The RELAP-calculated pressure between the two valves has the same 
relationship to the absolute pressure recorded there by PE-16 as it does 
elsewhere in the THTF. The recorded pressure difference across the rod 
bundle in test 102 (Fig. IV.4) indicates the driving forces which result 
in predominantly negative core flows for the first 5 sec and mostly posi
tive core flows thereafter. 

Except in a few cases, test section fluid temperatures decrease with 
system pressure because the fluid is saturated. Dryout was detected by 
most subchannel thermocouples at 18 to 20 sec; RELAP predicted the same 
effect at 15 sec (Fig. IV.5). Some core superheat is also predicted at 
5.5 sec, but it was not measured. 

Plots of heater rod surface tempe-atures for test 102 show a tempera
ture rise occurring at the lower axial levels where hotter fluid passes 
levels initially in subcooled forced convection. Except for that early 
increase, most ORIXC surface temperature curves are similar to depres-
surization curves. Typical traces appear in Figs. IV.6, IV.7, and IV.8 
for levels E, G, and J, respectively. A temperature excursion suggesting 
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Fig. IV.4. Rod bundle pressure difference. 
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Fig. IV.5. Test sect ion subchannel temperatures. 
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Fig. IV.6. Surface teaperature, rod 18, level E. 
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Fig. IV.7. Surface teaperature, rod 18, level G. 
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Fig. IV.8. Surface teaperature, rod 18, level J. 
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departure fro* nucleate boiling was noted at level D vit 0.5 sec iFig. 
IV.9). RELAP calculations tend to overpredict surface temperatures for 
test 102, especially for the first 7 sec. 

QRNL OUC 77 1793S 
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Fig. IV.9. Surface teaperature, red 25, level D, 
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V. TEST 103 

V.I. Description 

Test 103, the fifth test in the TtflF with bundle 1 in place,' was 
conducted on August 5, 1976, to obtain hydraulic design information for 
test 105. It was a full-power (122-kV/rod) test with a 401 inlet-60" out
let break having a total area of 12.54 at2 (0.0135 ft*). The electric 
core was maintained at full power for 2 sec into the transient. The pri
mary coolant pump was tripped coincident with rupture, and closure of 
the main heat exchanger secondary side valves was initiated at power 
trip. The fHTF fluid conditions immediately preceding rupture are pre
sented in Tables V.l and Y.2. 

Test 103 provided experimental verification of the RELAP prediction 
of spool piece flows with a 40? inlet-60* outlet break. This break con
figuration was predicted by RELAP to approximate most accurately the core 
flows of an NRC PVR double-ended guillotine break study. Test 105 was 
scheduled to approximate these supplied flows as closely as possible. 

Test 103 provided the second CHF test for bundle 1. The different 
break ratic produced a time and spatial translation in the core thermal 
response. The extent of these translations provided data to compare with 
RELAP predictions. 

V.2. Thermal Hydraulics 

In test 103, the pressure as a function of time appears essentially 
the same throughout the loop, and the RELAP-predicted pressures have ap
proximately the same relationship to the data throughout the loop. A 
representative comparison of RELAP-predicted pressure and the measured 
pressure (from the horizontal outlet spool piece) is presented in Fig. V.l. 
The resurgence in the pressure occurring very early in the transient is 
caused by the pressurizer. With the opening of the rupture disks, a rapid 
depressurization begins at the breaks and results in a depressurization 
wave propagating around the loop. When this wave reaches the surge line to 
the pressurizer, the pressurizer begins to discharge into the loop. This 
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Fig. V.l. Horizontal outlet spool piece pressure. 

discharge produces a repressurixation wave which propagates b«ck toward 
the breaks, resulting in a resurgence in the pressure. This resurgence 
is most evident at the spool pieces since they have undergone the great
est depressurization. RELAP predicts too snail a drop in pressure and 
too high a resurgence throughout the loop except for the pressurixer 
itself, where no resurgence is predicted. 

After the resurgence, RELAP's predicted pressure falls too low and 
remains too low for 6 sec, while the experimental data exhibit a marked 
decrease in the depressurixation rate beginning at 3 sec. This coincides 
with the arrival at the outlet break of the water which was initially 
between the heat exchanger outlet and the pressurixer surste line. This 
water was subcooled, but by the time it arrived at the outlet break, the 
pressure had fallen to its saturation level, and the quality was very low 
or zero, as can be seen on the horizontal outlet spool piece densitometer 
(Fig V.2). Until the arrival of this "plug" of very low-quality water, 
the water being expelled through the break is of higher quality and has 
a relatively high volumetric flow. As the low-quality plug is being pushed 
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Fig. V.2. Horizontal o.itlet spool piece density. 

toward the break, the expansion of the two-phase pressurizer water 'behind 
it allows the depressurization of the pressurizer fluid. When the plug 
arrives, the volumetric flow toward the outlet break decreases due to the 
higher density of the water. The higher density wore than compensates for 
the increased nass flow from the break permitted by the lower enthalpy of 
the plug. Thus, the expansion of two-phase pressurizer fluid is slowed, 
causing a decrease in the depressurization rate throughout the loop. 
Higher volumetric flow, and correspondingly increased depressurization, 
resumes when the low-quality plug is expelled at S sec. RELAP does not 
exhibit this sharp slowing of depressurization. 

Beyond 10 sec, both RELAP's prediction and the measured pressures 
have small, gentle fluctuations that coincide with their respective in
creases in density at the horizontal outlet spool piece. RELAP*s pre
diction is in good agreement with the actual pressures after 6 sec. The 
fluid at the outlet break and adjoining spool pieces saturates Immediately 
in test 103. Thus, the densities measured in the horizontal and vertical 
outlet spool pieces (Figs. V.2 and V.3, respectively) show an initial drop 
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Fig. V.3. Vertical outlet spool piece density. 

followed by a brief lise due to compression fr-<e the early pressure re
surgence, (tote that the ordinates of these two graphs are different.) 
RELAP's predicted pressure resurgence, which was both early and too large, 
is clearly seen in the early density prediction for the vertical outlet 
spool piece. After the density increase, the densities begin to decrease 
with the depressurixation. At the horizontal outlet spool piece, the 
data show the arrival (at about 3 sec) of the low-quality plug Mentioned 
previously. The low-quality fluid has reaained intact, causing large, 
sharp density changes. RELAP's prediction, however, indicates that this 
law-quality water has lost its integrity. It begins to arrive slightly 
after 1 sec and portions of it continue to arrive after 6 sec. Thus, 
RELAP's pressure prediction did not show the sharp decrease in the de-
pressurization rate caused by the plug. This low-quality water surges 
upward into the vertical outlet spool piece, probably accounting for 
the rise in density observed at 4 sec. At this point, almost all the mass 
being discharged by the break consists of the low-quality fluid. A sec
ond smaller amount of low-quality fluid arrives at the horizontal and 
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vertic*.', outlet spool pieces at 6 sec. The reason for this second den
sity increase is uncertain. As with the first arrival of dense fluid, 
RELAP's prediction distributes the lower quality fluid. The late-transient 
density increases are believed to originate in the discharge of cold water 
fron the heat exchangers; their appearance at the vertical outlet is again 
due to the passage of fluid upward from the break plenum. The largest 
of these occurs at 14 sec. RELAP's prediction sixes these later and 
separate arrivals of lov-ouality fluid into gradual density surges spread 
over tine. 

In contrast to the outlet, the inlet spool piece densitoneters indi
cate late saturation (Figs. Y.4 and V.S). The saturation of fluid at the 
vertical inlet occurs at 2 sec due to the arrival of hot fluid from the 
core. This can be seen by examining the teaperature data (Fig. V.6). 
Although showing lower densities just before saturation, RELAP predicts 
saturation approximately 0.5 sec late. The horizontal inlet fluid satur
ates later, just before 7 sec, while RELAP's prediction of saturation is 
almost 2 sec early. Having noted that RELAP's pressure prediction is too 
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Fig. V.4. Vertical inlet spool piece density. 
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Fig. V.5. Horizontal inlet spool piece density. 
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Fig. V.6. Vertical inlet spool piece temperature. 
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low, early saturation is not surprising. The vertical inlet density shows 
a sharp increase just after 7 sec, probably due to a flow reversal in the 
vertical piping at the break. As the anas capable of being discharged by 
the breaks decreases due to decreasing pressure, the horizontal inlet 
piping, which still contains subcooled fluid, begins to supply a larger 
percentage of the flow for the inlet break, such as the horizontal outlet 
piping does at the outlet break earlier in the transient. At the sane 
tine, the plug of subcooled fluid at the outlet break, which had prevented 
flow from the vertical outlet piping, has been discharged, so that flow 
toward the outlet break way resume. These factors together initiate a 
deceleration and eventual reversal of the flow in the vertical inlet 
piping. This begins at 5 sec, with the flow finally reversing near 7 
sec. The saturation of the horizontal inlet fluid and its attendant in
crease in enthalpy contribute to this effect by further decreasing the 
flow which the inlet break can discharge. RELAP does not predict this 
density increase at the vertical inlet. Late in the transient, RELAP*s 
density prediction for the horizontal inlet shows two gradual density 
increases not found in the experimental data. 

Outside of the core, aost fluid in the loop is two-phase throughout 
the transient. Thus, the predicted and measured temperatures show the 
same relationship as the predicted and measured pressures. The three 
temperature comparisons which prove informative are those for the verti
cal and horizontal inlet spool pieces and the vertical outlet spool piece 
(Figs. Y.6 to V.8). The vertical inlet spool piece temperature (Fig. V.6) 
shows the arrival of hotter core fluid, causing saturation. This figure 
also shows why RELA? predicts saturation late; the arrival ef hotter fluid 
is spread out over time, with part arriving early and a reduced amount 
arriving later. This effect lowers the temperature predicted by RELAP 
near the time of saturation, causing late saturation even though RELAP's 
predicted pressure is too low. After saturation, the temperatures at 
the vertical inlet reflect the pressure prediction until 18 sec, when a 
burst of superheated steam, not predicted by RELAP, arrives from the 
core. The horizontal inlet temperature comparison shows that RELAP pre
dicts the arrival of hotter fluid from the pressuriser too soon, and this, 
combined with RELAP's low pressure prediction, causes early saturation. 
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Fig. V.7. Horizontal inlet spool piece teaperature. 
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Fig. V.8. Vertical outlet spool piece teaperature. 
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The vertical outlet spool piece temperature shows the arrival of super
heated steam from the core at 10 sec. The return to saturation between 
13 and 14 sec coincides with the largest late-transient density increase 
shown on the vertical outlet density plot (Fig. V.3). 

The last portion of loop hydraulics to be exaained is volumetric and 
mass flows. The flow data are useful in indicating trends and major 
shifts in the flow, but the magnitude is questionable (see Chapter I). 
The volumetric flow, both measure*, and predicted, is presented in Figs. 
V.9 to V.12. In test 103, the vortical inlet turbine meter signal incor
rectly reversed polarity shortly after the blowdown began. Figure V.9 
presents an inversion of the experimental readings taken; therefore, tl>e 
first few tenths of a second must be ig. ->red. RELAP's predicted volu
metric flow is not in good agreement with the turbine meter data, but 
the significance of this is uncertain due to the possible errors in the 
turbine measurements. RELAP's prediction has most of the major charac
teristics of the data, although usually shifted in time and magnitude. 
Previously, the low-quality surge appearing on the vertical outlet den
sity plot at 4 sec was stated to have originated in the horizontal outlet 
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Fig. v.9. Vertical inlet spool piece volumetric flow (corrected). 
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Fig. V.ll. Horizontal inlet spool piece volunetric flow. 
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. ig. V.12. Horizontal outlet spool piece volumetric flow. 

spool piece. This appears on the vertical outlet turbine meter as a 
drop from 200 gpm to near or below xero (Fig. V.10). The density in
crease at 14 sec appears on the turbine meter plot as a sharp reversal. 
It was also stated earlier that a flow reversal in the vertical inlet 
that began at 5 sec culminated in a low-quality surge fron the horizontal 
inlet just after 7 sec. This reversal appears in the experimental data 
on the vertical inlet turbine meter plot. RELAP's prediction she* - a 
marked decrease in the flow toward the break from just before 4 to S sec; 
thus, RELAP's decrease in flow anticipates the actual reversal by 1 or 2 
sec. This reversal is also apparent in the vertical outlet turbine metev 
as a sharp resumption in flow toward the outlet break. RELAP predicts 
this flow Increase too early by more than 1 sec. 

The mass flow comparisons between RELAP's predictions and those cal
culated from experimental data are presented in Figs. V.13 to V.16. Both 
methods of calculating mass flow mentioned earlier are included; one, desig
nated GGl, uses only the turbine meters and densitometers and assumes no 
slip; the other* designated GG4, uses the Aya method and includes the drag 
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Fix. V„13. Vertical outlet spool piece aass flow. 
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Fig. V.14. Horizontal outlet spool piece mass flow. 
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Fig. V.15. Horizontal inlet spool piece aass flow. 
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Fig. V.16. Vertical inlet spool piece mss flow. 
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disks in the calculation. As with the volumetric flow comparisons, 
RELAP*s predicted mass flows are not in close agreement with calculated 
ones. Once again, the uncertainties in the calculated numbers must be 
considered (see Chapter I). The vertical outlet mass flow calculation 
(Fig. V.13) drops to, and oscillates about, zero in the period from 3 to 
5 sec, corresponding to the arrival of the subcooled block of fluid at 
the horizontal outlet spool piece. At 5 sec, as the subcooled fluid 
is expelled, saturated pressurizer fluid begins to flow through the 
horizontal outlet piping and the calculated mass flow there sharply de
creases (Fig. V.14). The mass flow at the horizontal inlet spool piece 
increases from 5 to 7 sec with the flow reversal occurring in the verti
cal inlet piping and decreases after 7 sec with saturation (Fig. Y.15). 
The vertical inlet mass flow shows a marked decrease between ? and 3 sec, 
coinciding with saturation. 

Finally, comparisons between the predicted and measured rod and 
fluid behavior in the core are presented. Since detailed analysis of 
core phenomena and RELAP's ability to predict them will be provided in 
a subsequent report, only a portion of the data is presented here. There 
are four thermocouples in the lower plenum. Two of these four, located 
90* to the left and right of the direction from which the water enters 
the test section, show a period of superheat from 2 to 6 sec (Fig. V.l?>. 
The remaining two thermocouples, located at 0 and 180° from the direction 
of the water entering the test section, do not show this superheat, but 
rather decrease smoothly with depressurization after an initial tempera
ture rise at 1 sec, similarly to that shown in the figure. This initial 
rise shown by all four thermocouples is due to the passage of water from 
the core region toward the inlet break. At the opposite end of the test 
section, numerous subchannel thermocouples have been placed between the 
rods above the heated zone. Eight of these thermocouples are compared 
with RELAP's predicted fluid temperature for the top of the core in Fig. 
V.18. As well as predicting too much superheat, RELAP also predicts that 
the superheat peaks at 5 sec instead of at 7 sec, when the maximum peak 
actually occurs. RELAP's superheat peak occurs during the time when 
RELAP is predicting the decrease in flow in the vertical inlet and the 
increase in flow in the vertical outlet. The actual superheat peak occurs 
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Fig. Y.17. Lower plenum temperature. 
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Fig. V.18. Teat section subchannel temperatures. 
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during the actual flow reversal in the vertical inlet and increase in 
flow in the vertical outlet. This suggests that RELAP's early prediction 
of the flow change leads to the early prediction of the peak. The thermo
couples with the larger peaks at 7 sec are near the center of the bundle 
and those with the smaller or nonexistent peaks are near the shroud box 
walls (Fig. 1.4). All data channels show a return to superheat between 
9 and 10 sec, presumably due to lack of water remaining in th^ core. 
RELAP predicts this phenomenon 4 sec late. The central subchannels show 
a dip in temperature at 11 sec, which is suggestive of a revetting that 
the outside subchannels do not experience. 

When considering the behavior of the rods themselves, the quantities 
of primary interest are the surface temperatures and surface heat fluxes. 
Temperatures and fluxes calculated from experimental data are compared to 
RELAP's predicted temperatures and fluxes in Figs. V.19 to V.24 for three 
different heights in the bundle cor a typical rod. RELAP's predictions of 
surface temperature for positions high in the bundle are uuch worse than 
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Fig. V.19. Surface temperature, rod 18, level E. 
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Fig. V.20. Surface heat flux, rod 18, level E. 
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Fig. V.21. Surface teaperature, rod 18, level G. 
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Fig. V.22. Surface heat flux, rod 18, level C. 
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Fig. V.23. Surface temperature, rod 18, level J. 
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Fig. V.24. Surface heat flux, rod 18, level J. 

those for lower in the bundle. The flux predictions follow the saae pat
tern. The data used for these coaparisons were taken froa sheath thermo
couples located near the axial centers of the rod sections aodeled in 
RELAP. Since RELAP predicts a single set of average properties for 
the entire length of each aodeled rod section, the coaparisons vary soae-
what froa those shown when RELAP*s prediction is coapared to data taken 
froa thermocouples at the ends of the modeled rod sections. 
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VI. TEST 104 

VI.1. Description 

Test 104, the fourth test with bundle 1 in place,s was conducted on 
July 8, 1976, to obtain CH? in bundle 1 under blowdown conditions. The 
break configuration was a 50? inlet—501 outlet break with a total area 
of 12.54 CM 2 (0.0135 ft 2). To produce CHF, the electric core was Main
tained at full power (122 kV/rod) for 2 sec into the transient. The 
primary coolant pump was tripped coincident with rupture, and closure of 
the main heat exchanger secondary side valves was initiated at power trip. 
The THTF fluid conditions immediately preceding rupture are presented in 
Tables VI.1 and VI.2. 

Test 104 provided the first CHF and post-CHF heat transfer data in 
bundle 1. The transient data also provided the thermal-hydraulic response 
of the THTF under blowdown conditions with delayed power trip. Extensive 
steady-state data were taken to expand the bundle thermocouple and flow 
instrumentation calibration data base. 

VI.2. Thermal Hydraulics 

There are many similarities in the comparisons between the experi
mental data and RELAP predictions for tests 104 and 103. Since these 
common characteristics are detailed in Section V, the focus here will 
be on the differences between the two comparisons. Because the pressure 
comparisons for test 104 are similar to those for test 103, they are not 
presented in this section. 

In test 104, all the densitometers except the vertical outlet spool 
piece densitometer failed at 15.5 sec. The measured and predicted density 
comparisons for the outlet spool pieces for test 104 (Figs. VI.1 and VI.2) 
are much like those for test 103. The arrival at the outlet of the block 
of subcooled fluid caused a greater surge upward into the vertical spool 
piece in test 104 than in test 103, but since test 104 had a smaller outlet 
break area, this is not surprising. The occurrence of several sharp 
density changes later in the transient is somewhat different in test 104 
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Fig. VI.1. Horizontal outlet spool piece density. 

THTF TEST 104 COHPflREO TO RELFP4H5U2 

Fig. VI.2. Vertical outlet spool piece density. 
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than in test 103 for a reason ve have not yet determined. As in test 103, 
RELAY'S prediction smooths and spreads the sharp density shifts into 
smaller, longer density changes. The inlet density comparisons are so 
much like those of test 103 that they are not included. 

The similarity of predicted and measured quantities extends to the 
temperatures outside the core. Once again, no plots are included. The 
occasion when superheat was shown in the response of the vertical outlet 
spool piece thermocouple for test 103 (Fig. V.8) does not appear in test 
104; that thermocouple displays saturated temperatures throughout the 
tras_ient. 

Although the volumetric flow comparisons show some differences 
between the two tests, none are of particular significance. The mass 
flow comparisons show the same differences, so these are presented in
stead of the volumetric flows (Figs. VI.3 to VI.6). 

The RELAP-predicted and the measured core temperatures show the 
qualitative relationship for tests 103 and 104, but there is a narked 
difference in magnitudes. The two lower-plenum thermocouples show less 
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Fi<j. VI.3. Vertical outlet spool piece mass flow. 
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Fig. VI.4. Horizontal outlet spool piece aass flow. 
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Fig. VI.5. Horizontal inlet spool piece aass flow. 
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Fig. VI.6. Vertical inlet s[x! piece mass flow. 

superheat in test 104 than in test 103. The differences can also be 

seen in the subchannel thermocouple plot (Fig. VI.7). The spike that 
occurs in a few output signals just after 2 sec is thought to be an 
extraneous input in the data acquisition system. Note that, as in test 
103, RELAP's predicted superheat is too high and occurs too soon. Test 
104 does not exhibit the general occurrence of superheat at the subchannel 
thermocouples late in the transient seen in test 103; however, RELAP 
predicts such a phenomenon at 17 sec. The rod surface temperatures and 
heat fluxes (Figs. VI.8 to VI. 13) show a marked difference in RELAP's 

predictions for tests 103 and 104. RELAP's predictions for rod surface 
temperatures and fluxes for test 104 are uniformly poor with our model, 

ch worse than for test 103. 
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Fig. VI.7. Test section subchannel temperatures. 
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Fig. VI.8. Surface teaperature, rod 18, level E. 
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THTF TEST 104 COHPflRED TO RELflP4H5l2 

TDC 
Fig. VI.9. Surface heat flux, rod 18, level E. 

ORML OWO 11 XJSfS 

THTF TEST 104 COHPflREO TO RELflP4HSU2 

TDC 

Fig. VI.10. Surface temperature, rod 18, level G. 
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Fig. VI.II. Surface heat flux, rod IS, level C. 
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Fig. VI.12. Surface te«perature, rod 18, level J. 



76 

QRNL WK". ?? 1?97? 

THTF TEST 104 COnPHRCO TO RELflP4N5U2 

tnc 

Fig. VI.13. Surface heat flux, rod 18, level J. 
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VII. TEST 103 

VII.1. Description 

Test 105, the sixth test in the THTF with bundle 1 in place, was 
conducted on August 19, 1976, to obtain CHF in a prescribed flow and power 
transient. The break configuration was a 40" inlet-60* outlet break with 
a total area of 12.54 ess2 (0.0135 ft*). The electric core was maintained 
at full power for 2 sec into the transient and then the power was decayed 
with a time constant of 0.45 sec. The primary coolant pimp was tripped 
coincident with rupture, and closure of the stain heat exchanger secondary 
side valves was initiated at trip fron full power. The THTF fluid condi
tions immediately preceding rupture are presented in Tables VII.1 and 
VII.2. 

Test 105 provided core flows which best approximated those froo an 
XRC-supplied PVR double—ended guillotine break study. This was also the 
first test which incorporated power decay after 2 sec. These two condi
tions made test 105 the "reactor" case of this test series. 

VII.2. Thermal Hydraulics 

The two break orifices and the hot- and cold-leg fluid temperatures 
in test 105 were very sinilar to those in test 103; therefore, the ob
served hydraulic instrument response was also similar. System pressures, 
fluid temperatures, densities, and volumetric and nass flows for test 105 
were predicted by RELAP with the same areas of agreement and disagreement 
as for test 103. 

In all the blowdown tests in this series, power to the primary circu
lation pump was tripped by 0.1 sec after rupture. Relatively high pump 
speed was Maintained throughout the blowdown by the inertia of the pump 
impellers, shaft, and rotor windings. The resulting pressure rise across 
the pump is shown in Fig. VII.1. Saturation of the fluid at the pump suc
tion apparently occurs at A sec, as evidenced by continued degradation of 
the pump head and a reduction in the pump speed deceleration due to a 
drop in hydraulic torque on the impellers (Fig. VII.2). An oriiice meter 
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Fig. VII.1. THTF priaary puap pressure difference. 
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THTF TEST 105 COMPflRED TO RELHP4H5U2 

Fig. VII.2. THTF priaary puap speed. 
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near the pump discharge indicates probable flashing at 5 sec (Fig. VII.3); 
flows indicated by this meter are not reliable after that tine. RELAP 
calculations of puap behavior were generally good except for overpredic-
tion of the pump head when two-phase conditions existed. No density Mea
surements were available at the puap suction for development of two-phase 
puap head multipliers for RELAP. Errors in the puap speed calculation 
after 14 sec are not significant since the puap head is negligible by that 
tine. 

Better insight into the accuracy of RELAP and the THTF model in th* 
calculation oi early-blowdown flows may be gained by comparison of the 
RELAP-calculated flows and analog turbine meter data. Figures VII.4 and 
711.5, respectively, show unprocessed signals from FE-19 at the horizontal 
inlet and from FE-34 at the horizontal outlet for test 105. The processed 
flows for FE-19 (Fig. VII.6) include a peak before 0.05 sec which was not 
discernible in the raw data. RELAP's calculated flow had several peaks 
curing this interval. At the outlet, comparison shows that RELAP-calcu-
latsd flow reverses much more rapidly than the processed data indicate 
(Fi-. VII.7). 

ORNt OWG 11 17915 

THTF TEST 105 COHPfiRED TO RELflP4J15U2 
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Fig. VII .3 . Primary pump out le t volumetric flow. 
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Fig. VII.4. Volumetric flow at horizontal inlet unprocessed analog 
signal. 
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Fig. VII.6. Volumetric flow *t horizontal inlet processed analog 
signal. 
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Fig. VII.7. Voluaetric flow at horizontal outlet processed analog 

signal. 
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Because of the exponential decay of the bundle power beginning 2 sec 
after initiation of blowdown, heater rod temperatures and resulting test 
section fluid temperatures were higher for test 105 than for any previous 
test. Figure VII.8 shows a comparison of the fluid temperatures measured 
by several THTF subchannel thermocouples with the temperature calculated 
by RELAP for the uppermost heated control volume. Comparison of this plot 
with Fig. V.18 for test 103 shows that the time of fluid temperature peaks 
is virtually identical for the two tests, which implies similar flow re
sponse in the test section. The maTimimi values of both calculated and 
measured fluid temperatures for test 105 are greater than for test 103 
as a result of the longer period during which the rod power was on. Radial 
flow effects inferred from the subchannel thermocouples for teat 103 are 
also in evidence for test 105. RELAP's early prediction of the negative-
to-positive core flow reversal is again reflected in its calculation of 
the superheat peak at the upper end of the bundle (Fig. VII.8). 

During the first 2 sec after initiation of blowdovn, flow is negative 
through the test section. The heater rods rapidly reach critical heat 

ORNL OWG ?7 IISGO 
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Fig. VII.8. Test section subchannel temperatures. 
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flux below the midplane of the bundle [e.g., rod 18, level E (Fig. VII.9)1. 
Some fluid becoaes superheated and is detected at 4 sec by TE-178 (Pig. 
VII. 10), which is located in the lowest RELAP heated sone; RELAP predicts 
a sinilar peak slightly earlier. Three of the four lower-plenum fluid 
thernocouples indicated superheat between 2 and 5 sec; TE-151 was the 
exception. RELAP calculations for test 105 show no superheat in the lower 
plenua. 

The vertical inlet turbine aeter, FE-166, reversed polarity three 
tines during test 105 at approximately 0.1, 3.0, and 4.2 sec; the inverted 
signal is presented in Fig. VII.11. The signal froa FE-34 (Fig. VII.12) 
at the ho. .zontal outlet had the wrong sign between 2 and 4 sec. The volu
metric flow at the vertical outlet has a strongly positive acceleration at 
5 sec, as in test 103, and the flow at the inlet vertical spool becoaes 
positive at 7 or 8 sec. Between 5 and 8 sec, the stagnation point of flow 
moves downward through the test section, resulting in a superheat spike 
indicated by the subchannel thermocouples and revetting of thermocouples 
in the lower plenum and at level D in the rod bundle. 

ORNL OWG 77-17981 

THTF TEST 105 COrfWEO TO RELflP4rt5U2 

Fig. VII.9. Surface temperature, rod 18, level E. 
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Fig. VII.10. Bundle fluid teaperature near botto* of bundle. 
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Fig. VII.11. Vertical inlet spool piece volumetric flow (corrected). 
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THTF TEST 105 COMPARED TC RELAP4K5U2 

TIIC 

Fig. VII.12. Horizontal outlet spool piece volumetric flov. 

Overlay plots of the RELAP-predicted and ORINC-calculated surface 
teaperatures for teat 105 at three axial levels appear in Figs. VII.9, 
VII. 13, and VII. 14. Comparison with Figs. V.19 and V.21 for test 103 
shows that the exponential decay of the power to the heater rods after 
2 sec in test 105 results in higher maximum surface teaperatures at levels 
E and G. At level E, a maximum teaperature of 895 K (llSO'F) was reached, 
compared to an 850 K (1070*F) maximum in test 103 (Fig. (V.19). RELAP 
calculations underpredict the teaperatures at level E and incorrectly pre
dict a revetting at 8 sec at level E. Such a revetting did occur at level 
D, near the bottom of RELAP slab 2. A maximum surface teaperature of over 
975 K (1300*F) occurred at approximately 3.5 sec at level G, near the core 
aidplane (Fig. VII. 13). In test 103, the aaxiaua at level G of about 920 K 
(1200*F) occurred at approximately 2.2 sec. There are discrepancies be
tween predicted and observed surface teaperatures and fluxes at level G, 
specifically, RELAP's overprediction of the heat flux between 4 and 7 sec 
(Fig. VII.15) followed by its Incorrect calculation of rewet at 8 sec. At 
level J, RELAP obviously overpredicts the rod surface teaperatures for rod 
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Fig. VII .13. Surface temperature, rod 18, level G. 
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Fig. VII.14. Surface temperature, rod 18, level J. 
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THTF TEST 105 COMPflREO TO RELRP4H5U2 

TtIC 

Fig. VII.15. Surface heat flux, rod 18, level G. 

18 (Fig. VII.14). For the first 8 sec, cooling conditions in the upper 
half of the rod bundle were generally better for these tests than calcu
lations implied. 
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VIII. RELAP CODE VERIFICATION 

In analyzing how veil RELAP models blovdovn in the THTF, judgments 
of the relative significance of the differences between RELAP predictions 
and the experimental data must be made. Since this report is concerned 
with RELAP's hydraulic prediction capability, those hydraulic parameters 
which will have the greatest impact on the core, specifically errors in 
pressure and densi«.v, have been given the most attention. 

An incorrect system pressure prediction will cause a correct critical 
flov model to predict incorrect mass flow through the breaks, thus pro
ducing errors in the system mass inventory. It will alter the calculated 
effectiveness of heat transfer, particularly nucleate boiling heat trans
fer, and the times at which a heat transfer regime change is predicted. 

Errors in the prediction of the second important parameter, density, 
also affect system response. The existence of the solid plug of very low 
(or zero) quality fluid at the outlet break from 3 to 5 sec in tests 102 
through 105 keeps flow in the vertical outlet piping near zero. When the 
plug is expelled, vertical outlet flow toward the break resumes and flow 
reversal in the core is permitted. RELAP's error in density prediction 
at the horizontal outlet spool piece contributed to its early prediction 
of this phenomenon. The time and extent to which flow reversals occur 
produce periods of low or zero flow at changing positions in the core, 
which result in major changes in the fluid and rod temperatures. Rever
sals also determine the source of fluid surrounding the rods, resulting 
in heat transfer to hotter or colder fluid and attendant changes in rod 
temperatures. Density errors cause incorrect enthalpies to be used in 
the critical flow models and can cause poor convective heat transfer pre
dictions and incorrect selection of heat transfer regimes. Errors in 
quality prediction are reflected in density prediction errors. 

Before discussing the primary sources of RELAP's inaccuracies in 
detail, input parameters found to have little impact on code predictions 
are mentioned. Here, little impact means the effect of variations in the 
parameter are small compared to the existing discrepancies between our 
RELAP model predictions and the THTF instrument responses as presented pre
viously in the report. A 102 variation in the rated flow an<*. rated head 
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input for the punp bad little effect. A 20Z change in die initial pres-
surlier mixture level did not significantly change the prediction, and 
use of the bubble rise option in the pressurizer only slightly improved 
it. Uhen nodeling heater rods, failure to include an air gap when one 
exists will have a significant effect, but whether a nean or variable 
gap wodel is osed is not important if gap variations are not of extreme 
size. (This will be discussed in wore detail in the subsequent report 
investigating RELAP*s heat transfer capabilities.) RELAP*s predictions 
are not sensitive to variations in the total loop volume until such vari
ations approach 10Z. Hydraulic resistance in the pressurizer surge line 
is relatively snail. An increase of 100Z or ante in the input value for 
this resistance does not appreciably affect RELAP's prediction of too auch 
pressure resurgence. Comparisons of RELAP predictions using two different 
fluid-flew equations show little difference. The two equations are for 
compressible single-stream flow with morn turn flux and for incompressible 
single stream flow without momentum flux.9 

The choice of choking model and multiplier has a significant effect 
on RELAP* s pressure prediction. Of the 25 combinations of models avail
able in RELAP, three were selected for investigation: the Homogeneous 
Equilbrium Model (HUM),' the Henry-Fauske/HBf' (HF/HEM), and the Modified 
Momentum/HEM' (MM/HEN). Each of these uses HEN choking in the two-phase 
region but a different model in the subcooled region. The three subcooled 
models produced different pressure predictions early in the transient 
during the resurgence. The subcooled portion of the transient is so brief, 
however, that the different subcooled choking models do not change the 
total mm&s inventory sufficiently to make a significant difference in 
the pressure prediction during the rest of the transient. Differences 
between the models after saturation are further decreased by feedback 
from the pressure; a model which predicts lower critical flow slows the 
decrease of the pressure, which tends to produce a higher critical flow 
and increases the rate of depressurisation. A 10Z change in the choked 
flow multiplier makes a significant difference in the pressure in spite 
of this feedback. The HF/HEM and Mf/HEN models provide for a transition 
region in which the choked flow is interpolated between the subcooled and 
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the saturated values. This transition region extends from the saturation 
point to a Quality specified by the user. The vidth of this region did 
not appreciably affect THTT predictions except when it was nade so narrow 
as to induce numerical oscillations due to the abrupt change in choked 
flow. Oscillations were produced when the transition region was ended at 
a quality of 0.0001 but were avoided with an end point of 0.01. 

In all the powered tests, the relative positions of RELAP*s predicted 
pressures and the Measured pressures were similar throughout the system 
except for the period of pressure resurgence. For the first 6 sec, the 
predicted pressure was below the experimental data throughout toe system, 
with the discrepancy slightly greater at the pressurizer than at the spool 
pieces. However, in test 100 the difference was much larger at the pres
surizer than at the spool pieces. Since test 100 was performed without 
rod power, valves in the heat exchangers were adjusted to force 98* of 
the initial flow through the heat exchanger bypass line. Therefore, in 
test 100 as compared to the powered tests, such a difference in hydraulic 
resistance in the heat exchangers would tend to produce greater flow 
through the bypass line throughout the transient. In test 100, RELAP's 
prediction for the pressure drop across the main beat exchangers and by
pass line was far below that measured for the first 3 sec of the transient 
(Fig. 11.3). For the powered tests, RELAP's predicted pressure drop was 
closer to the data for this period (Fig. VIII. 1). This suggests that an 
inaccuracy exists in RELAP's calculations for the valve hydraulic resis
tance in the heat exchanger bypass line. Such an inaccuracy would Have a 
greater effect in test 100 than in the powered tests because of the larger 
flow through the valve. Inaccuracies in the pressure prediction in the 
pressurizer are not as important as at the spool pieces, since the spool 
piece pressures control the break flow and core pressure conditions. Thus, 
evaluation of RELAP's ability to predict pressures will be based primarily 
on the spool piece pressures. 

All the predictions previously described in this report were made 
using HF/HEN choking with a multiplier of 0.8 for the HF and 0.9 for the 
HEM. The pressure calculations using this model, while predicting too 
much resurgence, were better in the first 10 sec for test 100 than for 
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Fig. VIII.1. Main heat exchanger pressure difference. 

all the powered tests; the predictions were farther below the data for 
the powered tests. RELAP closely predicts the pressures after the resur
gence for the powered tests using HEN choking with a 0.8 Multiplier, bur. 
using this sane sndel produces a Markedly high pressure prediction for 
test 100. To investigate this, calculations of the actual break enthal
pies were aade for tests 100 and 103 and conpared with the enthalpies 
RELAP used to obtain mass flows fro* its choked-flow tables. The results 
of the calculations of actual break conditions can only be considered as 
approximate, since they were obtained fro* flow and density data which are 
considered questionable (see Chapter I). The calculations of break en
thalpies were soaetiaes above and below RELAP predictions. But, when 
enthalpies and pressures determined from the experiment were used with 
the HEM flow tables to obta.n aass flows and the results integrated over 
a period of tine, the result was close to the integrated aass flow pre
dicted by RELAP using HEM. The effects of the high and low enthalpies 
essentially nullified each other over a period of several seconds. Thus, 
the fluid conditions used in RELAP to calculate critical flow are close 
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enough to actual conditions to prevent introducing substantial error in 
the prediction. 

Next, the integrated mass expelled from the break as predicted by 
RELAP was compared with the actual integrated aass leaked. To approxi
mate the latter quantity, the aass flows calculated for the spool pieces 
by the Aya method were used to infer a aass flow through each break. The 
integrated mass flows at 2, 3, and S sec in the transient were compared 
with RELAP's predictions using different choking models. As mentioned 
previously, RELAP predicts too auch pressure for test 100 if HEM choking 
with a 0.8 Multiplier is used, but RELAP's predicted value for the total 
•ass leaked in 5 sec was 20Z too low. RELAP's prediction for total aass 
leakage in test 100 using HF/HEM choking and 0.8 and 0.9 multipliers was 
only 62 below the amount calculated as the actual mass leaked. For test 
103, RELAP's prediction using HEM (0.8) was again markedly low in total 
mass leaked; the prediction using HF/HEM (0.8/0.9) also was low but not 
as low as that for HEM even though, in RELAP, HF/HEM was using pressures 
below the data while HEM was using more correct pressures. The same re
sults were obtained when similar comparisons were made for the total 

energy leaked through the breaks. Although the calculated values used 
as the actual mass and energy leaked are not of high accuracy, the dif
ferences between the models were large enough to show that HF/HEM (0.8/ 
0.9) is the more correct choking model for our tests. I*ue to the rela
tively small effect the model used in the subcooled region has on the pre
diction through the majority of the transient, this means that HEM with a 
0.9 multiplier is more accurate in two-phase conditions than HEM with a 
0.8 multiplier. In the subcooled region, HF (0.8) produces a better pre
diction of the critical flow rate and pressure resurgence than HEM (0.8). 

RELAP's low pressure prediction for test 103 and the other powered 
tests now arouses greater interest since this low pressure prediction is 
made in spite of RELAP's retention of excessive mass and energy in the 
system. Given a specified amount of mass and energy within a system, the 
partitioning of the energy within the mass will affect the pressure 
throughout the system. For example, a fixed volume divided into two 
equal parts, one filled with water at 15.17 Kiln* (2200 psia) and 561 K 
(550*F) and the other with water at 15.17 MS/m* (2200 psia) and 611 K 
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(640*F)» will renain in pressure equilibrium until the two portions of 
fluid are permitted to transfer energy. The sane amount of mass and 
energy uniformly distributed throughout the volume will cause the pressure 
to decrease several neganewtons per square meter (several hundred psi). 

To explore the importance of this effect for an open transient system, 
a special depressurisation test model (DIM) was created for RELAP (Fig. 
•III.2) and was given the physical characteristics of the IMF pressurizer 
and piping leading to the outlet break (Appendix C). Five test calcula
tions were conducted using RELAP. The first three used a fill table for 
junction 1* to insure identical tiae-uependent boundary conditions. All 
cases began with the pressurizer saturated and the entire system at a pres
sure of 15.17 MH/n* (2200 psia). The differences in these cases involved 
the initial temperature distribution (other than the pressurizer); one 
case, designated HHH, had a temperature of 607 K <633*F), the outlet tem
perature from the core in most heated THTF tests, in all volumes; another, 
HCH, had a temperature of 559 K (547*F) in volumes 2-5 and 607 K (633*F) 
in the rest. The third case, HCC, had a temperature of 559 K (547*F) in 
all volumes except the pressurizer. Thus, the HHH test had one interface 
between fluids having a temperature difference of 9.4 K (17*F). Test BCC, 
***:e test 100, had one interface between fluids having a temperature dif
ference of 56.7 K (102*F). Test HCH, like test 103, had the sane inter
face as test HCC and a second interface between fluids having a tempera-
tore difference of 47.8 K (86°F). 

The fill table supplying the boundary conditions removed fluid at 
the rate and enthalpy expected for the HCH test. If RELAP did not mix 
the different temperature fluids, the 607 to 559 K (633 to 547*F) inter
face in the HCH test would arrive at the end of volume 14 in approximately 
2 sec. During this period, the fill table specified the removal of fluid 
at approximately the correct enthalpy for both the HHH and HCH tests. 
Since the depressurization rate is expected to be proportional to the tine 
rate of change of the total mass and total energy of the system, any pres
sure differences in the first 2 sec of the HCH and HHH tests can be at
tributed to RELAP*s assumption of homogeneous fluid within each of its 
volumes, thus mixing the different temperature waters. In Fig. VIII.3, 
at 2 sec, the pressure in the HCH test is 0.52 MH/a2 (75 psi) below that 
in the HHH test. The relative positions of the pressure predictions are 



OHM (IW<; / / 1M/H 

Las \ju um liOL 

xz 

i/J 

t 

N 

tL. 

Cr 3-7 
/«>* N t l 

v/i 

Pig. VI11.2. UeprtsMMtirliiat Ion tent modes] node diagram. 



96 

ORNL OMG 77 179B9 

H0M0SENI2RTI0N EFFECT ON DEPRESSURIZRTION-FILL TH3LE 

"*-f • • i r • 1 1 1 t I 
•4 M !-• 1-S *• »-» >• M *•• «-5 Y* 

tnc isccoosi 
Fig. VIII.3. Depressurization test model; pressure in pressurizer 

when model is bounded by a fill table. 

the same throughout the system. This demonstrates that RELAP's homogeni-
zation of fluid can significantly depress the predicted system pressure. 

After 2 sec in the HHH test and through most of the HCC test, the 
difference between the fill table's specified enthalpy and that of the 
fluid arriving in voluae 14 will increase. Ue do not believe this intro
duces significant error, so comparisons between all runs for the entire 
5 sec will reflect the effects of fluid homogenisation. The HCH test 
pressure is substantially below that for the HCC test. Note that the 
magnitude of the pressure depression caused by the addition of the 607 
to 559 K (633 to 547*F) interface is comparable to the amount that RELAP's 
predicted pressure for test 103 is below the measured data. The HHH and 
HCH tests were also calculated by RELAP with the fill table replaced by 
a leak junction with HF/HEM (0.8/0.9) choking. The pressure feedback has 
only a marginal effect (Fig. VIII.A). 

In test 103, the 566.5 K (560*F) water initially between the heat 
exchanger and the pressurizer had remained essentially intact when it 
reached the outlet break. In RELAP, this water was incorrectly mixed 
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Fig. VIII.4. Depressurization test aodel; pressure in pressurizer 
when model is bounded by a leak junction. 

with the 607 K (633°F) water of the outlet piping,, thus lowering its pres
sure prediction below the data. In test 100, such an interface did not 
exist, and RELAP closely predicted the pressure. In test 101, where the out
let piping temperature difference is smaller 1572 to 359 K (570 to 3-i7*F)l, 
RELAP's prediction was not as far below the data as in test 103. All THTF 
tests share a temperature interface at the pressurizer surge line where 
the saturated fluid contacts the cold water downstream of the heat ex
changers. RELAP will homogenize this interface as well, but the extent 
of error introduced by this depends on the extent to which the interface 
is maintained in the actual test. If the fluids had been thoroughly mixed, 
RELAP's homogenization would have been correct. Unrealistic mixing at 
this second interface would tend to incorrectly depress the pressure pre
diction, but, as previously mentioned, HF/HEM (0.8/0.9) retains too much 
mass in the system and these effects may compensate for each other to 
produce the better pressure prediction for test 100. 

Based on the preceding work, the most correct choking model used thus 
far for the THTF is HF/HEM (0.8/0.9). It produces a better prediction of 
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the resurgence anC aore correct break flows. A model of the TftTF with a 
larger number of smaller volumes has been created (Fig. VIII.5), but it 
does not significantly reduce the depression of pressure. A model with 
very small voluaes say ameliorate this effect to a noticeable degree; this 
possibility is currently being investigated. The enthalpy transport option 
does not operate as intended in RELAP4/N0D5 (update 2) and was not used. 
A properly operating enthalpy transport option night reduce the pressure 
depression. RELAP's homogeneous assumption is the major cause of the 
errors in pressure seen in the powered tests. 

In addition to directly altering the system pressure by homogenising 
mass and energy variations, mixing has had other deleterious effects on 
RELAP calculations. A marked slowing of the depressurization rate in the 
THTF in full-power tests, believed to be due to passage of the low-quality 
plug at the outlet break, was not calculated by RELAP. For example, in the 
vertical outlet spool piece pressure comparison for test 102 (Fi£. IV.l), 
the pressure error of about 0.34 MN/m2 (50 psi) existing at 2 sec is prob
ably due to mixing which occurred from 0.5 to 1.5 sec in the hot-leg 
piping. The divergence in the two pressures from 2 until 4 sec occurs 
because RELAP has no concentrated liquid to be blown through the outlet 
break during that period; its pressure curve continues to rapidly decay 
while the actual pressure decays at a slower rate. Thus, the calculated 
pressure at 4.5 sec is in error by 0.69 Ml/a2 (100 psi). 

As a result of a too-rapid transport of energy, calculated enthalpies 
will sometimes be in error in the control volume upstream of a junction 
where a critical flow rate is being calculated. This results in erroneous 
input data for the critical flow model in RELAP, and incorrect mass fluxes 
are returned. If the starting system inventory is correctly modeled, this 
effect tends to cancel itself later in the transient, since an overpredic-
tion of the enthalpy at this point will probably result in an underpredic-
tion later. 

In the simulation of a blowdown experiment, RELAP tends to "wash out" 
temperature interfaces in subcooled fluids, possibly resulting in calcula
tion of premature or tardy times of saturation. At the horizontal inlet 
spool piece (Fig. VIII.6), the leading edge of hot fluid from the pressur-
ixer was predicted to arrive too soon, causing calculated saturation times 
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THTF TEST 103 COHPFRED TO RELflP4H5U2 

Fig. VIII.6. Horizontal inlet spool piece temperature; systea aodel 
and renoded aodel vs experimental data for test 103. 

to be early by at least 1 sec in the six THTF tests analyzed. For soae 
calculations, tiae-dependent fluid conditions were specified in the pres-
surizer, resulting in calculation of correct or slightly high pressures 
at the horizontal inlet spool piece; saturation was still predicted to 
occur approximately 0.6 sec early. At a temperature of 560 K (548°F), 
only a 3.3 K (6*F) temperature rise is required to offset a 0.34-ltl/a2 

(50-psi) pressure excess. At the vertical inlet spool piece (Fig. V.6), 
a 25 K (45*F) rise actually occurred by 2 sec and flashing occurred at 
a pressure of 9.65 MN/a2 (1400 psi). In RELAP calculations, the tempera
ture front was broad, and only a 16.7 K (30*F) rise could be realized be
fore the saturation curve was reached. If the calculated pressure had 
been correct, RELAP's saturation time would have been even later at the 
vertical inlet. The pressure differential across the test section may be 
poorly simulated when such problems occur in the predicted densities. In 
the hydraulics section of the RELAP version used, mixing may well be the 
single largest source of inaccuracy, considering its influence on errors 
in calculated densities and pressures. 
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The renoded THTF system model shown in Fig. VIII.5 was produced 
during these studies (Appendix C). Its main purpose was to explore the 
effect of additional detail on RELAP's energy transport problems. The 
renoded test section also allowed definition of a small node, number 55, 
for use in comparing calculated fluid temperatures with subchannel thermo
couple data. The improvement observed in calculated fluid temperatures 
and densities was not dramatic. The density predicted for the horizontal 
outlet was perhaps more like the recorded data (Fig. VIII.7), bur the re
sulting presure flattening effect was still not predicted. Fluid tempera
tures before saturation at the horizontal inlet were definitely improved 
(Fig. VIII.6), but the temperature in the special subchannel node was 
nearly identical to that in the uppermost node in the standard model. 
RELAP still predicted too much superheat. Some improvement in the cal
culation of volumetric flow rates was also noted, mostly between 10 and 
20 sec. 

THTF pressures calculated with the renoded model were generally lower 
than either the standard model or the recorded data, especially late in 

ORNL-OWG 77 17992 

THTF TEST 103 COMPflRED TO RELflP4M5U2 

Fig. VIII.7. Horizontal outlet spool piece density; system model and 
renoded model vs experimental data for test 103. 
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the transient. Figure VIII.8 illustrates that this was due to omission 
of piping heat transfer frost the renoded model. The standard model vith-
out piping heat slabs produces the low pressures* while addition of the 
piping slabs restores the pressure to a sore correct level, inclusion 
of one slab for each piping node was not possible in the renoded model 
concurrent with the sore detailed Modeling of the test section. There
fore, we chose to use the standard nodalization for the final analysis, 
trading additional detail for a smaller number of piping nodes with heat 
transfer. The maximum of 50 heat slabs currently available in RE1AP re
quires continuation of the practice of supplying boundary conditions for 
a detailed test section model from a system model having a minimum number 
of test section heat slabs. The system model should, however, have as 
much detail in loop piping as possible, still allowing one piping heat 
slab per node. 

Use of the vertical slip option in RELAP is appropriate when low 
mass fluxes are calculated to occur in vertical stacks of nodes. Pre
dictions of volumetric flows at the test section outlet were improved 
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THTF TEST 103 COMPftRCD TO RELPP4H5U2 
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Fig. VIII.8. Pressurizer pressure; system model with and without 
piping heat slabs vs experimental data for test 103. 
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when vertical slip was used in downc outer junctions 28, 29, and 30. Th^ 
•ost improvement was in test 101, where the transient was relatively slow 
due to a smaller break area and gravitational forces had greater effect. 
When a negative-to-positive fl'iw reversal was indicated by the vertical 
inlet turbine, a sharp density increase was also recorded. Without slip 
in the downcoaer, RELAP predicted the flow reversal and density rise; 
with slip, the predicted flow was slightly different such that positive 
flow was not realized and no density increase occurred. The vertical slip 
aodel allows aore steaa to flow upward out of the downcoaer and toward the 
inlet break, while the net mass flow rate near the lower plenum reaains 
positive. Calculated flow through the vertical inlet spool becomes nega
tive due to steaa exiting the test section. Conditions in the test section 
itself are probably better aodeled with vertical slip in the downcoaer, 
though core instrumentation is presently inadequate for a firm conclusion 
to be reached. 
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IX. CONCLUSIONS 

IX. 1. Experimental 

The experimental data presented in this report represent the *ost 
significant aspects of the overall system response for THTF tests 100 
through 105. These tests encompass the experimental checkout of th> 
facility and its ability to produce the transient data required. Tfey 
also include baseline tests for determining the input parameters neces
sary for the verification of large digital simulators such as RELAP4/ 
M0D5 (update 2). Tests 103, 104, and 105 provide a significant data base 
for use in investigating thermal-hydraulic phenomena associated vith 
loss-of-coolant accidents. 

Test 100 vas designed to investigate the ability of the THTF to 
withstand blovdovn forces, to provide flow and pressure drop data for 
improvement *>f the RELAP4 model, anc to check the computer-controlled 
data acquisition system vith approximately 330 rod bundle thermocouple^ 
being monitored. All of these objectives were met. Test 101 operated 
vith a 1002 (nominal size) outlet break and 251 of full paver. The data 
acquired provided a case vith a small core temperature differential and 
no core flov reversal. Test 102 vas the first test at full power and 
design fluid temperatures. Comparison of the responses from tests 102 
and 100 shows the effects of initial hot-leg to cold-leg temperature dif
ferential vith the 501 inlet-502 outlet break configuration. In test 104, 
which vas performed next in the series, the first measurements of depar
ture from nucleate boiling and post-critical heat flux heat transfer vere 
made. The electric core in this test vas operated at 100? full power for 
2 sec into the transient. The indicated flows at the spool pieces vere 
very similar to those observed in test 102, but the measured fluid tempera
tures were higher during the transient due to the longer operation of the 
electric core at full power. Test 103 was performed to verify RELAP cal
culations which indicated that the core flows in an NRC PVR double-ended 
guillotine break study could be approximated in the THTF vith a 601 outlet— 
40Z inlet break configuration. Test 105 was performed vith this same break 
configuration, *ed the electric core power was dzzsyzd ŵ 'th a 0.43-sec 
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time constant after 2 sec of full power in the transient. The desired 
flows coupled with the power transient Bade test 105 the "reactor case" 
of this series. The power decay resulted in higher core fluid and rod 
sheath temperatures. 

In this test series, the fluid in the pressurizer represented a large 
portion of the total system mass and had the highest average specific in
ternal energy. With the pressurizer discharging into the primary system 
downstream of the main heat exchangers, its surj.: during the early portion 
of the blowdovn retarded or completely stopped the flow from the test sec
tion outlet. Thus, the performance of the primary pump and heat exchangers 
and the energy deposition froa the electric core and primary loop piping 
had secondary influence on the observed hydraulic response at the spool 
pieces during the first 10 sec of the tests. The critical flow rates at 
the breaks and the pressurizer fluid discharge and subsequent redistribu
tion were the dominant forcing functions during that time period. 

The reduced spool piece instrumt it responses allowed valuable com
parisons to the predictions from the RELAP system model of the THTF. Al
though two-phase flow instrumentation problems existed, an understanding 
of the overall hydraulic response of the THTF with bundle 1 has been 
gained. Core flows similar to those of the XRC PWR double-ended guillo
tine break study have been achieved, but obtaining other desired flows 
will require moving and isolating the pressurizer. A detailed discussion 
of the core heat transfer phenomena and the calculation of transient heat 
transfer coefficients will be presented in a separate report. 

IX.2. RELAP 

Hydraulic phenomena observed in THTF tests 100 through 105 were 
analyzed, and the ability of the minimum controls version of RELAP4/M0D5 
(update 2) to predict the phenomena was evaluated. Comparisons of pre
dicted and recorded pressures, densities, and fluid temperatures at the 
spool pi ~es were emphasized, since those properties were most reliably 
measured and since they directly influence test section fluid conditions. 

Variation of some RELAP input parameters was found to have little 
effect on calculated system response, but choice of critical flnw models 
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and their Multipliers strongly influenced the predictions. Differences 
between the accuracy of calculated system pressures for test 100 and for 
the tests with rod power led to investigation of the effects of integral 
averaging of fluid properties in RELAP. Predictions of the total leaked 
•ass and energy were found to be in better agreement with estimates of the 
actual system losses for calculations using the Extended-Henry (0.8 multi
plier, subcooled)—Homogeneous Equilibrium Model (0.9 multiplier, two phase) 
critical flow tables than for those using the HEM (0.8 multiplier) alone. 
The underprediction of pressures with the HF-HEM option is primarily the 
result of the mixing by RELAP of fluid energy fronts. The initial tempera
ture differential across interfaces, the number of interfaces, and the 
degree of actual mixing in the system affect the severity of errors in 
predicted pressures. 

In addition to pressure depression, mixing also caused errors in 
density and fluid temperature predictions. Density errors at leak junc
tions produced errors in critical flow calculations and depressurization 
rates and contributed to poorly predicted times of flow reversals at the 
spool pieces and in the test section. Temperature errors due to mixing 
and too-rapid transport of energy contribute to incorrect predictions of 
calculated fluid saturation times. 

In studies made thus far, more detailed nodalization of the THTF has 
not significantly improved low pressure predictions, although some im
provement was seen in calculated transport of energy fronts. Heat slabs 
representing system piping are required for accurate calculation of late 
transient pressures, but only 50 beat slabs are allowed in RELAP. There
fore, a system model with a simple test section nodalization should be used 
to supply boundary conditions for a component model of the test section. 

With the current configuration of the THTF (i.e., the pressurizer, 
without an orifice, located downstream of the main heat exchangers), the 
effects of fluid homogenization in RELAP are particularly In evidence. In 
spite of this, some observed trends are generally well predicted although 
those of in-core flow response are difficult to evaluate at present. Some 
existing spool piece instrumentation needs refinement for more useful 
modeling comparisons. Improvement in the existing system model nay be pos
sible with finer nodalization outside the test section and/or incorporation 
of the enthalpy transport option when it is corrected. 
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Appendix A 

RELAP THTF STANDARD MODEL LISTING 
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0 5 0 0 6 1 c 3 2 2 3 2 . 0 2 E 3 6 3 « . 0 C * 6 - 1 . 0 0 0 S.ftS^SOO 1 . 6 * * 0 1 , 6 « * 0 • TO HX HEADER 
0S0071 c 3 2 2 3 1 . 9 7 2 9 6 3 * . 0 0 * 2 - 1 . 0 3 0 J . 2 3 3 2 9 0 3 . 2 9 2 0 0 . 2 9 2 0 • INLET HE A OB 
C50C81 0 3 2 2 3 2 . * 5 3 9 5 6 2 . 7 9 9 1 - 1 . 0 0 3 0 . 5 9 1 * 0 0 « . 1 0 0 0 A . 1 0 0 0 • HEX Fl«lST » ? 
C5C091 0 0 2 2 3 3 . C 5 1 3 « C C . 7 6 5 * - 1 . 0 0 3 0 . 5 9 1 * 0 0 3 . 9 0 0 O 0 . 9 0 0 0 • H X SECOND PT 
C50131 0 3 2 2 3 3 . * 2 2 1 2 7 9 . 5 6 7 * - 1 . 3 0 0 0 . 5 9 1 * 0 0 2 . 1 5 3 C 2 . 1 5 0 0 • HX T H I R D PT 
0 5 0 1 H 0 3 2 2 1 2 . 6 5 * * 2 2 3 . 9 9 7 6 - 1 . 0 0 0 0 .560TOO 3 . 2 9 2 0 0 . 2 9 2 0 • OUT HEAOCR 
0 5 0 1 2 1 c 3 2 2 1 2 . * S 2 * 633.seot - 1 . 0 0 3 0 . 4 9 5 9 0 0 7 . 3 * 0 0 7 . 0 * 0 0 • H X BYPASS 
0 5 0 1 3 1 c 0 2 2 1 3 . 9 9 2 7 S 6 C . 3 « 6 « - 1 . 0 0 0 3 . 5 9 1 1 0 O * . « S 7 0 « . * 8 7 0 •VERT TO » * E S 
GS01«1 c 0 2 2 1 7 . 2 2 2 9 5 6 C . 3 S 0 3 - 1 . 0 0 0 C . « C 3 0 0 0 3 . 2 9 2 0 0 . 2 9 2 0 • HORZ TO PBES 
C50151 c 0 2 2 ) 1 . 7 * 7 3 S * 3 . « « 9 7 - 1 . 3 3 0 1 . 7 0 2 0 0 0 1 . 1 0 3 0 1 . 1 0 0 0 • TO PUM» IN 
0 5 0 1 6 1 o 0 2 8 5 6 . 6 9 * 5 o * 7 . 3 5 3 3 - 1 . 0 0 0 0 . 9 7 0 3 0 0 3 . 1 * 6 0 0 . 1 * 6 0 •PUMP OtSCHARGC 
C 5 0 1 7 1 c 0 2 * 5 6 . 0 3 * 1 5 * 7 , C * 2 7 - 1 . 0 0 0 0 . 1 9 6 3 0 0 J . 2 9 2 C 0 . 2 9 2 0 • EYPASS TEE 
0 5 0 1 * 1 o 3 2 2 1 5 . 2 1 C « 5 2 6 . 2 6 3 7 - J . COO 3 . 2 6 6 5 0 0 3 . A S 8 0 0 . « 5 B 0 • BYPASS* HX O 
c 5 o m c 0 2 3 * 9 . 6 7 2 1 5 * 6 . 9 * 9 7 - 1 . 0 3 0 1 . 3 9 6 9 9 5 3 . 2 9 2 3 O . 2 9 2 0 • H 0 R 2 T3 T . S . 
0 5 0 2 3 1 c 0 2 3 3 9 . 1 6 1 1 5 * 6 . 9 * P ? - 1 . 0 0 3 0 . 3 7 3 5 0 0 2 . 3 3 3 3 2 . 3 3 3 0 •VERT TO S P 1 I 
0 5 0 2 1 1 0 0 2 3 3 0 . « 2 5 5 5 * 6 . 9 3 ^ - 1 . 0 0 0 0 . 2 0 0 * 0 0 3 . 2 9 2 0 0 . 2 9 2 0 • S J > . 1 M _ E T 
05O221 c C 2 3 2 2 . 9 1 5 * 5 * J . 9 2 5 5 - l . j O O 0 . 2 6 7 8 0 0 1 . 9 1 * 0 1 . 9 1 * 0 • B . C . T E E INLET 
C 502 31 0 0 2 3 1 3 . I S * * 5 * 6 . 9 1 6 7 - 1 . 0 0 0 0 . 2 3 O « 9 O 1 . 0 0 0 0 3 . 0 0 0 0 • S . P . 2 r«*_ET 
CS02«1 c 0 2 . * w * . l 9 l « 5 * 6 . 9 0 7 0 - 1 . 0 0 0 0 . 1 7 0 2 0 0 1 . 2 6 0 0 I . 2 6 O 0 • T . S . INLET 
C50251 c 0 2 3 0 * . 7 7 6 9 * * 6 . 9 0 7 7 - 1 . 0 0 0 0 . 9 2 7 6 0 0 S . 0 2 1 0 S . 0 2 1 0 •TOP OOVMCONER 
0SC261 0 0 2 3 C 6 . 0 3 S 9 5 * 6 . 9 0 9 2 - 1 . 0 0 0 0 . 5 2 5 * 0 0 2 . 9 5 0 0 2 . 9 5 0 0 • M I D O0WNC3MER 
C50271 0 c 2 3 0 7 . 2 1 3 9 5 * 6 . 9 1 0 * - 1 . 0 0 0 0 . 8 3 * 0 0 0 « . 5 1 3 0 A . S 1 3 0 •BOT OQWMCMER 
0 5 0 2 0 1 0 0 2 3 Q « . C « 9 3 5 * 6 . 9 1 1 * - 1 . 0 0 0 0 . 2 3 6 0 0 0 3 . 6 7 * 0 0 . 8 7 * 0 •LOVER PLENUM 
0 5 0 2 9 1 o 0 2 3 C 2 . 9 « C 2 5 5 2 . 3 6 7 0 - 1 . 0 0 0 0 . 1 6 9 0 0 0 2 . 5 5 * 0 2 . 6 5 4 0 • 1 S T HEATED 
-5O301 0 0 2 2 9 7 . 7 C 7 5 5 6 6 . 7 * 1 7 - 1 . 0 0 0 0 . 1 1 8 * 0 0 1 . 3 5 9 0 1 . 8 5 9 0 • 2 N D HEATED 
0SO311 c 0 2 2 9 1 . 9 * * 1 5 9 * . 3 * 5 9 - ' , • * * • « 0 - 1 * 7 9 0 0 2 . 9 5 0 0 2 . 9 5 0 0 • 3 R D HEATED 
0 5 0 3 2 1 o 0 2 2 8 5 . 9 5 2 * 6 1 9 . 2 2 * 1 - i .boo 0 . 1 1 7 9 0 0 1 . 8 5 3 0 i.asoo • « T H HEATED 
C50331 0 c «iec.2«e« 6 3 C . 3 3 7 * - 1 . 0 0 0 0 . 1 6 7 0 0 0 2 . 6 2 3 0 2 . 6 2 3 0 • 5 T N HEATED 
C 5 0 3 « l o 0 2 2 7 7 . 0 0 e C 6 3 * . 2 0 8 1 - 1 . 0 0 3 0 . 6 1 8 0 0 0 Z.«930 2 . « 9 3 0 •UPPER PLENUM 
C50351 c 0 2 2 7 « . 8 C 9 6 6 3 « . 2 7 « « - 1 . 0 0 0 0 . 3 8 * 0 0 0 3 . 85 30 0 . 8 S O 0 •OUTLET c M E 
C SO 361 1 0 2 2 1 1 . 8 C « 3 C O 0 . 0 7 . « 5 0 0 0 0 1 2 . 4 0 3 0 5 . 7 9 •PRESSOR 1ZER 
0 5 0 3 7 1 0 0 2 2 1 « . 3 7 « 7 S 6 C . 3 « 8 9 - 1 . 0 0 3 0 . 6 5 8 1 0 0 6 . 1 0 0 0 6 . 1 0 0 0 • PRNSS L I 
05O381 r> CN > « • » • . 5C«6 5 * 5 . * 1 0 2 - 1 . 0 0 0 l . * 9 O 0 0 0 2 . 0 0 3 0 2 . 0 0 0 0 • PUMP 
0 5 0 3 9 1 0 1 2 5 0 . 7 C - 1 . 0 G . « 9 1 2 1 . 2 5 1 . 2 5 • S E C INLET HEADER 
C 5 0 « 0 1 0 0 2 3 8 . 91 . 9 - 1 . 0 Q . « 9 1 2 C . 9 S O. 9 4 • HEX SEC PART 3NE 
0 5 0 * 1 1 0 0 2 3 6 . 1 * 3 . 5 - 1 . 0 C . » 9 1 2 0 . 9 5 O, 9 5 • HEX SEC PART TWO 
0 5 0 * 2 1 0 0 2 3 * . 0 211 . 5 - 1 . 0 C * 9 I 2 0 . 9 5 C« 9 5 • HEX SEC PART THREE 



C 5 C * 3 1 0 2 2 3 2 . 2SC. - 1 . 0 0 . 4 9 1 2 3 . 1 5 3 7 
C5O012 c 0 . C 6 C 8 1 0 0 C . 2 9 1 6 9 9 9 9 3 0 . 7 1 0 0 Q 
0S0C22 0 C . U C 4 Q Q C C.37S0CCC 9 2 8 . 7 0 7 6 3 
0SC032 c C . C 6 6 8 1 0 0 0 . 2 9 1 6 9 9 9 9 2 9 . 7 0 7 8 0 
CSOO*2 c C C 6 6 C 1 0 C C. 2 9 1 6 9 9 9 9 2 9 . 7 0 7 8 0 
0 5 0 0 5 2 c o.c6te ieo C . 2 9 1 6 9 9 9 9 2 9 . 6S38 0 
C 500 62 0 C.C6C8100 C 2 9 1 6 9 9 9 9 * 1 . 5 0 0 0 0 
0 5 0 0 7 2 0 0 . C 6 6 6 1 Q 0 0 . 2 9 1 6 9 9 9 9 * 1 . 3 5 2 9 0 
0 SCO 82 c C C S 7 3 C 0 0 C . 0 5 6 2 1 5 8 9 3 7 . 2 5 3 7 0 
0 50C92 0 0 .CS73C0C C . 0 S 6 2 I S 8 9 3 6 . 3 6 0 6 3 
CSOI02 0 C . C S 7 3 0 0 0 0 . C 5 6 2 1 S 8 9 3 4 . 2 6 1 0 0 
0 5 0 1 1 2 c C . C 6 6 8 2 0 0 C . 2 9 1 6 9 9 9 9 3 4 . 2 6 2 0 3 
C 5 0 1 2 2 c c.c6eeioo C . 2 9 1 6 9 9 9 9 3 4 . 4 1 7 0 0 
C S 0 I 3 2 0 C . C 6 6 6 1 0 0 C . 2 9 1 6 9 9 9 9 2 4 . 9 3 8 0 0 
3 5 0 1 * 2 0 c.ceeeioo C . 2 9 1 6 9 9 9 9 2 4 . 7 9 2 0 0 
C50152 c O . C 6 6 E 1 0 0 C . 2 9 1 6 9 9 9 9 2 3 . 8 8 2 6 3 
0 5 0 1 6 * c 0 . C 6 6 8 1 0 0 0 . 2 9 1 6 9 9 9 9 2 4 . (. 753 3 
CSOI72 c C C 6 6 e i O O 0 . 2 9 1 6 9 9 9 9 2 3 . 9 3 6 8 3 
0SC162 0 C.C2CSO0C C I 6 1 9 9 9 9 9 2 3 . 4 8 8 8 0 
C SOI 9 2 c C C 6 6 8 1 0 0 C . 2 9 1 6 9 9 9 9 2 3 . 9 3 6 3 3 
CSO202 0 C C 6 6 C I Q 0 C .2 9 1 6 9 9 9 9 2 4 . 0 8 2 8 0 
C 5 0 2 1 2 c 0 . C C 6 8 1 0 0 C . 2 9 1 6 9 9 9 9 2 6 . 2 7 1 0 0 
C 5 0 2 2 2 c C I C4Q00 C.37S00CC 9 3 5 . 2 7 1 0 3 
QSQ232 0 0 . C 6 6 8 1 0 O 0 . 2 9 1 6 9 9 9 9 2 7 . 1 089 0 
C 5 0 2 * 2 c C C 6 6 8 1 0 0 C . 2 9 1 6 9 9 9 9 3 0 . 1 0 5 0 0 
CS0252 0 0 . 1848C0C 0 . 1 7 S 0 3 C C 9 2 7 . 7 3 1 7 0 
C 5 0 2 6 2 0 C. 1 8 4 8 0 0 0 0 . 1 7 S 0 0 C 0 9 2 4 . 7 8 3 0 0 
0SO272 c C . 1 8 4 8 0 0 0 C. I 7 S 0 3 C C 9 2 0 . 2 7 3 7 a 0 S 0 2 8 2 c 0 . 2 CI 9 COO C .17503CC 9 1 9 . 4 5 0 0 0 
0 S 0 2 9 2 c C.C63460C 0 . 0 1 9 7 3 2 1 9 2 0 . 2 6 9 8 0 
C SO 3 3 2 0 0 . C 6 3 4 8 0 0 0 . 0 1 9 7 3 2 1 9 2 2 . 9 1 9 7 0 
2 5 0 3 1 2 c 0 . C 6 3 4 8 0 0 0 . 0 1 9 7 3 2 1 9 2 * . 7 T * 7 0 
05O322 0 C. C63480C C . 0 1 9 7 3 2 1 9 2 7 . 7 2 0 5 0 
CS0332 0 C. C63480C C 0 1 9 7 3 2 1 9 2 9 . 5 6 6 ) 0 
0 5 0 3 * 2 c C . 2 9 2 0 0 0 0 C . 3 I S 0 0 C 0 9 3 2 . 18S8 0 
0SO3S2 c 0 . C 6 6 8 1 0 0 0 . 2 9 2 0 0 C C 9 3 3 . 7 0 0 0 0 
C 10362 c C.6C1C000 0.E7SC0QC 9 3 0 . 9 3 9 7 0 
C5C372 1 0 . C 6 6 8 1 0 0 0 . 2 9 1 6 9 9 9 9 2 4 . 8 9 9 7 0 
0SO382 c C . C 6 6 8 1 0 0 C . 2 9 1 6 9 9 9 9 2 2 . 0 9 9 9 0 
0 SO 392 o 0 . C 6 9 S 1 C O 9 3 4 . 2 6 1 
0 5 0 4 0 2 c 0 . C 6 9 S 1 C 0 4 7 2 0 9 3 5 . 4 6 0 6 
C 5 0 * 1 2 c 0 . C 6 9 S 1 C O * 720 9 3 6 . 3 6 0 6 
CS04 22 0 0 . C 6 S S 1 C . C472C 9 3 7 . 2 5 3 7 
C 5 0 4 3 2 
ft 

0 0 . C C 9 S 1 C . C 9 3 8 . 2 

• BOBBLE 4 ISE CARD 
oeocn o. e 3 . C 

3 . 1 5 3 7 »MEX SEC OUTLET MOR 
• S . P . 1 3 U T . E T 
tBLQt i iXMl TEE 
•S J>.2 3UT_ET 
•HORI2 TO HEX 
• VERT TO HEX 
"TO MX HEADER 
• INLET HEAOR 
»*iEX F IRST » T 
«RX SECOND t»T 
«MX THIRD > T 
•OUT HEADER 
• H I BYPASS 
• VERT TO PRES 
»M0*2 TO »RES 

TO PUMA IN 
• PUMP DISCHARGE 
•BYPASS TEE 
•BYPASS. HX C 
• HORZ TO T . S . 
•VERT TO S=>l l 
> S J > . 1 IN^ET 
' 6 . C . T E E INLET 
• S . P . 2 1M_ET 
• T . S . 1>L.ET 
•TOP 0OWNC3MER 
> » I O 0O*»»C3«ER 
>BOT CD»NC4E» 

•LONER PLENUM 
'1ST HEATED 
>2NO HEATED 
'3RD HEATED 
>«TH HEATED 
• 5 T H SEATED 
•JPPER PLENUM 
•OUTLET - I N E 
•PRESSURIZE?* 
• POMSS - N 

• T IME OE^EMOENT VOLLNES FOR SECCND4RY HX S I D E 

CT0100 1 
C70200 6 2 . 232. 2 5 0 . 0 . 3 . 1 5 3 7 
C 7 0 2 0 1 S . i * C 2 2 5 0 . C . 3 . 1 5 3 7 
C70202 7 . 2 4 7 . 5 2 5 0 . 0 . 3 . 1 5 3 7 
C 7 0 2 0 3 I S . 2 4 7 . 8 2 S C . c. 3 . 1 5 3 7 
0 7 0 2 0 4 2 0 . 2 4 8 . C 2 5 0 . c. 3 . 1 5 3 7 

• JUNCTION OATA CARDS 

• THE AREA OF JUMCTtCHS ftl TM O R I F I C E S OR VALVES I S » ACJACEHT VOL CS AREA • 
06OO11 
C 8 0 0 2 1 
08OO31 
0 8 0 0 4 1 
0 8 0 0 5 1 
0 8 C 0 6 I 
C800 71 
C80081 
C80091 
C 8 0 1 0 1 
0 8 0 1 1 1 
0 6 0 1 2 1 
08O131 
0 8 0 1 4 1 
C 8 0 1 S 1 
0 8 0 1 6 1 
0 8 O I 7 1 
0 8 0 1 8 1 
0 8 0 1 9 1 
0 8 0 2 0 1 
0 8 C 2 1 1 
0 8 0 2 2 1 
C80231 
0 8 0 2 4 1 
C802S1 
0 8 0 2 6 1 
0 8 0 2 7 1 
0 8 0 2 8 1 
06O291 
0 6 0 3 0 1 
0 8 0 3 1 1 

3 5 1 C 0 4 6 . 0 3 9 9 9 3 0 . 0 6 6 8 1 0 0 9 3 3 . 7 0 4 5 4 3 . 3 7 . 5 0 0 7 . 5 0 0 
1 2 0 0 4 6 . 0 3 9 9 9 3 0 . 0 6 6 8 1 CO 9 3 0 . 7 1 0 9 4 3 . 3 7 . 5 0 0 7 . 5 0 0 
2 3 c 0 4 6 . 0 3 9 9 9 3 0 . 0 6 6 8 1 0 0 9 2 9 . 8 5 3 7 a 3 . 3 7 . 5 0 0 7 .SCO 
^ 4 c 0 4 6 . 0 3 9 9 9 3 0 . 0 6 6 8 1 0 0 9 2 9 . 8 5 3 7 6 3 . 3 7 . S 0 0 7 . 5 0 0 
4 5 c 0 4 6 . 0 3 9 9 9 3 0 . 0 6 6 8 1 0 0 9 2 9 . 8 5 4 7 4 3 . 3 3 . 0 0 . 0 
5 6 3 0 4 6 . 0 3 9 9 9 3 0 . 0 6 6 8 1 3 0 9 4 3 . 1 * 2 5 4 3 . 3 0 . 0 3 . 0 
6 7 o 0 4 6 . 0 3 9 9 9 3 0 . 0 6 6 8 1 0 0 9 4 1 . 5 4 9 3 2 0 . 0 0 . 0 0 . 0 
7 12 0 0 3 5 . 6 3 8 4 1 2 0 . 0 6 6 8 1 0 0 9 4 1 . 3 9 9 6 6 3 . 0 0 . 0 0 . 0 
7 a c 0 I 0 . 4 0 1 5 7 8 O.QS<*3000 9 4 1 . 3 5 3 0 3 0 . 3 0 . 0 0 . 0 
8 9 c 0 1 0 . 4 C 1 S 7 8 0 . 0 5 7 3 0 0 0 9 3 7 . 2 5 9 7 7 3 . 3 0 . 0 0 . 0 
9 10 c 0 1 C 4 CI 5 7 8 0 . 4 R 7 3 0 0 0 9 3 6 . 3 6 0 8 4 3 . 3 0 . 0 0 . 0 

1 0 11 c 0 1 0 . 4 0 1 5 7 8 0 . 0 5 7 3 0 0 0 9 3 4 . 2 9 9 3 2 3 . 3 0 . 0 0 . 0 
1 1 1 3 0 0 1 0 . 4 0 1 5 7 8 C O & 6 8 I O O 9 3 4 . 4 1 7 9 7 0 . 3 0 . 0 0 . 0 
1 2 13 c 0 3 5 . 6 3 8 * 1 2 0 . 06661 30 9 3 4 . 4 1 9 6 8 0 . 3 0 . 0 0 . 0 
1 3 1 4 o 0 4 6 . 0 3 9 9 9 3 0 . 0 6 6 6 1 0 0 9 2 4 . 9 3 9 7 3 0 . 0 0 . 0 0 . 0 
1 4 I S 0 0 4 6 . 0 3 9 9 9 3 0 . 0 6 6 8 1 0 0 9 2 4 . 9 3 9 7 3 0 . 0 0 . 0 0 . 0 
3 8 1 6 1 0 < 7 . 3 9 9 9 9 4 0 . 0 6 6 8 1 0 0 9 2 4 . 0 8 2 5 2 0 . 3 0 . 0 C O 
1 6 1 7 0 0 6 7 . 3 9 9 9 9 4 0 . O 6 6 8 1 0 0 9 2 4 . 0 9 9 6 1 0 . 3 0 . 0 0 . 0 
1 7 1 8 c 0 2 1 . 3 6 0 C 0 I 0 . 4 2 0 5 0 0 0 9 2 3 . 9 3 9 7 3 0 . 3 0 . 0 0 . 0 
1 8 15 c 0 21 .3CCC01 0 . O 2 O 5 0 0 0 9 2 3 . 9 3 9 7 3 3 . 3 o.o 0 . 0 
1 7 1 9 0 0 4 6 . 0 3 9 9 9 3 0 . 06681 00 9 2 4 . 0 9 9 6 1 3 . 3 0 . 0 0 . 0 
1 9 2 0 c 0 4 C . 0 3 9 9 9 3 C - 0 6 6 8 1 0 0 9 2 * . 0 8 4 7 2 0 . 3 9 . 0 0 0 *».ooc 2 0 2 1 c 0 4 6 . 0 3 9 9 9 3 0 . 0 6 6 8 1 0 0 9 2 6 . 2 9 9 3 2 3 . 3 7 . 5 0 0 7 . S 0 0 
2 1 2 2 c 0 4 6 . 0 3 9 9 9 3 0 . 0 6 6 8 1 0 0 9 2 6 . 2 9 9 3 2 0 . 0 7 . 5 0 0 7 . 5 0 0 
2 2 2 3 c 0 4 6 . 0 3 9 9 9 3 0 . 0 6 6 8 1 0 0 9 2 7 . 1 3 9 6 5 3 . 3 7 . 5 0 0 7 .SOO 
2 3 2 4 c c 4 6 . 0 3 9 9 9 3 0 . 0 6 6 8 1 0 0 9 3 0 . 1 0 6 6 9 0 . 3 7 . 5 O 0 7 . S O 0 
2 4 2 5 c 0 4 6 . 0 3 9 9 9 3 0 . 0 6 6 8 1 0 0 9 3 1 . 2 9 9 3 2 0 . 0 0 . 0 0 . 0 
2 5 2 6 0 0 4 6 . 0 3 9 9 9 3 0 . 1 8 4 8 0 0 3 9 2 7 . 7 3 2 1 8 0 . 3 0 . 0 0 . 0 
" 6 2 7 c 0 « « . 0 3 9 9 9 3 0 . 1 8 * 6 0 0 0 9 2 4 . 7 8 4 6 7 0 . 3 0 . 0 0 . 0 
2 7 2 8 c 0 4 6 . 0 3 9 9 9 3 0 . 18460 OO 9 2 3 . 2 7 5 8 8 3 . 3 0 . 6 3 9 0 . 6 3 9 
2 8 2 9 c 0 4 6 . 0 3 9 9 9 3 0 . 0 6 3 4 8 0 0 9 2 0 . 2 7 1 7 3 0 . 0 1 . 6 1 4 i . e i 4 



0 6 0 3 2 1 <9 
0 8 0 3 3 1 30 
0 8 0 2 4 1 31 
C8C3S1 32 
08O361 33 
0 6 0 3 7 1 3« 
C83381 36 
0 8 0 3 9 1 37 
C8C401 IS 
oeo«u 39 
0 8 C 4 2 1 4 0 
0 8 0 4 3 1 41 
0 8 0 « « 1 4 2 
0 8 0 * 5 1 
0 8 0 4 6 1 
0 8 0 0 1 2 
Ce0022 
08CC32 
0 8 0 0 4 2 
CM) 0 5 2 
08OO62 
0 e 0 O 7 2 
0 8 0 0 8 2 
C 8 0 0 9 2 
ceoio2 
0 8 0 1 1 2 
0 8 0 1 2 2 
0 8 0 1 3 2 
0 8 0 1 4 2 
0 8 0 1 5 2 
oeoi62 
C 8 0 1 7 2 
oeoiaa 
oeoi92 
0 8 0 2 0 2 
0 8 0 2 1 2 
0 8 0 2 2 2 
0 8 O 2 3 2 
0 8 0 2 4 2 
C 8 0 2 5 2 
08O282 
0 8 C 2 7 2 
0 8 0 2 8 2 
0 8 0 2 V2 
0 8 0 3 0 2 
0 8 0 3 1 2 
0 8 0 3 2 2 
C 8 0 3 3 2 
0 8 0 3 4 2 
0 8 0 3 5 2 
0 8 O 3 6 2 
0 8 0 3 ^ 2 
0 8 0 3 8 2 
0 8 0 3 9 2 
0 8 0 4 0 2 
0 8 0 4 1 2 
08O4 2 2 
0 8 0 4 3 2 
0 8 0 4 4 2 
0 8 0 4 S 2 
0 8 0 4 8 2 

2 2 
2 

0 
0 
0 
0 
0 
0 
0 
c 
0 
0 
c 
c 
c 
0 
0 
0 
0 
0 
c 
c 
0 
c 
c 
c 
c 
c 
c 
c 
0 
0 
c 
c 
0 
0 
0 
0 
0 
0 
0 
0 

o 
o 
o 
c 

0 
0 

30 
31 
32 
33 
34 
35 
37 
14 
38 
40 
41 
42 
43 

0 
0 

c 
c 
c 
c 
0 
c 
c 
c 
c 
c 
c 
0 
c 
c 
c 
c 
c 
c 
c 
0 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
0 
0 
c 
c 
0 

0 
o 
o 
0 

c 
c 
c 
c 
c 
c 
c 
c 

- I 
c 
c 
c 
c 

2 
1 

2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
3 
3 
3 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
0 
3 

0 
0 
0 
0 

0 
0 
c 
0 
c 
0 
0 
0 

0 
0 
0 
o 

0 
0 
0 . 
0 . 
e. 
o . 
o. 
c 
c. 
c. 
c . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
c. 
0 . 
0 . 
0 . 
c . 
c . 
0 . 
c . 
c . 
c . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
c . 
0 . 
0 . 
c. 

5 3 
; 3 

3 
3 
3 
3 

C 0 . 
C 0 . 

4 € . 
4 V . 
4 8 . 
4 « . 

c 
0 . 

o . 
2 9 . 
2 9 . 
2 9 . 
2 9 . 

0 . 
0 . 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c. 
c. 
c . 
c 
c 

0 3 9 9 9 3 0 . 0 8 3 4 8 0 0 922 
0 3 9 9 9 3 0 . 0 6 3 4 8 0 0 924 
0 3 9 9 9 3 0 . 0 6 3 4 8 0 0 9 2 7 
0 3 9 9 9 3 0 . 0 6 3 4 8 0 0 9 2 9 
0 2 9 9 9 3 0 . 0 6 3 4 8 0 0 9 3 2 
0 3 9 9 9 3 0 . 0 6 6 8 1 0 0 9 3 4 

0 . O 6 6 8 1 0 0 9 3 0 
0 . 0 6 6 8 1 0 3 924 
0 . 0 6 6 8 1 0 0 924 

0 
0 
3 9 9 9 9 4 
3 1 0 . 0 3 4 7 5 9 3 S . 4 6 0 8 
3 1 0 . 0 6 9 5 1 9 3 6 . 3 6 0 8 
3 1 0 . 0 6 9 5 1 9 3 7 . 2 5 3 9 
3 1 C .069S1 9 3 8 . 2 0 2 
C 0 . C I 3 5 0 0 0 9 2 5 
0 0 . £ 1 3 5 0 0 0 9 2 8 

0 . 6 0 0 0 0 0 . 0 

.9218<: 0 . 0 

. 7 7 6 8 6 0 . 0 

. 7 2 2 6 6 0 . 0 

. 5 6 8 8 5 0 . 3 

. 1 8 7 9 9 0 . 0 

.SOOOO 3 . 0 

. 9 4 9 7 1 0 . 0 

. 9 1 9 6 8 9 0 . 0 0 0 0 0 

. 0 8 2 5 2 0 . 0 
1 0 . 8 . 8 . *HEX 

1 0 . 0 . 5 0 . 5 
1 0 . 0 . 5 3 . 5 

1 0 . 0 . 5 0 . 5 

1 . 6 5 4 1 . 6 5 4 
1 . 7 6 2 1 . 7 6 2 
1 . 7 5 8 1 . 7 5 8 
1 . 6 3 9 1 . 8 3 9 
1 . 6 0 S 1 . 8 0 5 
O.SOO o.sco l.OOO 1 . 0 0 0 
1 . 0 0 0 1 . 0 0 0 
0 . 0 0 . 0 

SEC CONT93L VM.V 

0 . 6 0 0 
C . 6 0 0 
0 . 6 0 0 
0 . 6 0 0 
C.60C 
c.eoo 
C.60C 
0 . 6 0 C 
C . 6 0 0 
0.6CC 
0 . 6 0 0 
C . 6 0 0 
C.60C 
c.eoe 
0 . 6 0 0 
C.60C 
0 . 6 0 C 
C . 6 0 0 
C.6CC 
C . 6 0 0 
C . 6 0 0 
o.eoo 
C.60C 
C . 6 0 0 
C.60C 
o.c 
0 . 0 
c.c 
o.c 
c.c 
c.c 
o.c 
o.c 
c.c 
o.c 
o.c 
C . 6 0 0 
0 . 6 0 0 
C . 6 0 0 

1 . 0 0 O 
1 . 0 O 0 
1 . 0 0 O 
1 . 0 0 0 

1 . 0 0 0 11 
1 . 0 0 0 11 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

O 0 . 0 
0 0 . 0 

0 . 0 
0 . 0 
0 . 0 
1 . 0 
1 . 0 
1 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 

. 2 9 9 3 2 

. 7 0 9 7 2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

c 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 . 0 
0 . 0 

0 . 3 
0 . 0 

0 . 0 
o.c 

• t«HRY-FAUSKE-MEM C R I T I C A L Fl_C» MODEL D IALS 

0 8 2 0 0 3 . 9 C . 8 O.C 0 . CI 

• PUMP OAT* CARDS • 
0 9 0 0 1 1 3 3 C C C 3 5 8 0 . 1 . 6 4 C . 1 9 8 0 . 0 5 7 2 . 9 0 . 8 0 4 7 . 1 0 
0 9 0 0 1 2 C.OOC O.C 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 

• PUMP CURVE INPCT INDICATOR 

1000 CO 
• 
• P U N * 
• 
103O11 

0 0 6 0 1000 CO 
• 
• P U N * 
• 
103O11 

CURVES 

1000 CO 
• 
• P U N * 
• 
103O11 1 1 5 C .C 1 . 1 3 5 7 0 . 2 8 4 7 1 . 1 2 5 3 0 . 5 6 9 4 1 . 0 9 4 * • V S A . I T . 1 
1 0 3 0 1 2 0 . 8 5 4 1 1 . 0 * 2 7 1 . 0 1 . 0 • MCAO V / A 
1 0 3 0 2 1 1 2 7 0 . 0 . 0 0 . 5 2 4 0 . 1 1 3 5 0 . 5 6 2 0 . 1 7 5 3 • A S V . L T . 1 
103O22 0 . 6 8 9 0 . 378.8 0 . 7 0 2 4 0 . 4 1 2 7 0 . 8 7 8 1 0 . 7 3 2 4 • l « A O ASV 
1 0 3 0 2 3 1 . 1 . 
103O31 2 1 « O.C 0 . 5 9 0 . 2 8 5 7 0 . 7 O 8 0 . 5 7 1 4 0 . 6 2 6 • V S A . L T . 1 
IC30 3 2 0 . CS71 C . 9 * « 1 . 0 1 . 0 • T38Q VSA 
103O41 2 2 8 0 . - 0 . 2 0 . 3 8 9 0 . 2 5 0 . 4 3 7 0 . 2 9 3 3 • A S V . L T . 1 
103O42 0 . 5 0 . 3 S 3 8 0 . 5 8 3 0 . 4 4 1 5 0 . 6 7 0 . 5 2 9 • T38Q ASV 
1 0 3 0 * 3 0 . C 7 S 0 . 8 1 2 8 1 . 1 . • TQRQ ASV 
1 0 3 0 5 1 1 3 3 -• 1 . 0 2 . C - 0 , . 3 1 . 1 5 0 . 0 1 . 1 3 5 7 
1 0 3 0 6 1 
• 

2 3 4 -- 1 . 0 l . C - C . . 7 0 . 6 0 - . 3 0 . 5 0 . 0 0 . 5 9 



• LEAK JUNCTION CARDS: 

12C100 2 2 I * . 7 C O 1 « 6 2 1 C . . 6 
1 2 0 2 0 0 2 2 l « . 7 1 c.c 1 • ,4 2 1 C . . * 

* K I N E T I C CONSTANTS CAM) 

l*C0CO 
• 
• SCR A" 

0 0 c. 0 . l *C0CO 
• 
• SCR A" 

1 »3«ER CARD 

1 * 1 0 0 1 
• 
• SLAB 

- 4 2 C. 1 . .c 1 . 9 6 5 1 . 0 2 . 0 2 5 0 . 2 1 3 . 3 . 1 * 1 0 0 1 
• 
• SLAB 

C M O S 

> 5 O 0 U 0 7:9 3 c c 2 2 C O 1 * . * 2 8 9 9 8 0 0 . 1 2 7 6 9 9 7 9 0 . 0 0 . 0 3 7 6 0 0 0 0 
5O021 0 30 2 1 C 2 2 0 . 0 1 0 . 0 9 * 9 9 8 * 0 . 0 8 9 5 9 9 9 7 3 . 3 0 . 0 3 7 6 0 0 0 0 

* 5 O 0 3 1 o : ! 1 1 1 0 2 2 0 . 0 1 6 . 0 5 2 9 9 3 8 0 . 1 * 1 9 9 9 9 6 0 . 3 0 .C3760QCC 
1 5 0 0 * 1 o : 52 9 1 C 2 2 C O 1 0 . 0 7 9 9 9 9 0 0 . 0 8 9 3 9 9 8 2 0 . 0 0 . 0 3 7 6 O 0 0 C 
15C051 o : ! 3 1C 1 C 2 2 C O 1 * . 2 S 3 9 9 8 8 0 . 1 2 5 9 9 9 9 9 3 . 0 0 . 0 3 7 6 0 0 0 0 
1 5 0 0 6 1 2 3 0 7 c c 2 2 2 . 7 5 0 0 0 0 0 0 . 0 0 . 1 3 0 8 9 9 9 7 0 . 3 0 . 0 
1 5 0 0 7 1 2 * 3 7 c c 2 2 2 . 3 3 3 9 9 8 7 C O 0 . 1 1 1 3 9 9 9 6 0 . 3 0 . 0 
15O081 3 5 0 7 C 0 2 2 3 . 2 0 8 9 9 8 7 0 . 0 0 . 1 5 2 8 9 9 8 0 0 . 0 0 . 0 
1 5 0 0 9 1 2 « 0 4 C 0 2 2 2 . 0 0 1 9 9 9 9 0 . 0 0 . 1 9 5 7 9 * 9 6 0 . 0 0 . 0 
15O101 2 5 c « 0 0 2 2 1 1 . 5 0 2 9 9 8 * 0 . 0 1 . 0 6 7 9 9 9 8 * 0 . 0 0 . 0 
1 5 0 1 U 2 6 0 « C 0 2 2 6 . 7 5 7 9 9 8 5 0 . 0 0 . 6 2 6 9 9 9 8 6 C O 0 . 0 
1 - 0 X 2 1 2 7 0 « 0 0 2 2 1 C . 3 3 9 9 9 9 2 0 . 0 0 . 9 5 9 9 9 9 9 8 0 . 0 0 . 0 
1SQ131 3 * 0 « C 0 2 2 « . 1 6 9 9 9 8 2 0 . 0 0 . 3 8 7 0 9 9 6 0 C O 0 . 0 
1S0141 2 < 2 7 c c c 2 2 1 . 7 6 6 9 9 9 1 2 . « 3 2 9 9 8 7 0 . 1 7 5 0 9 9 9 7 0 . 0 2 7 6 0 0 0 0 0 . 0 
1 5 0 1 5 1 3 0 27 t 0 C 2 2 1 . 2 3 9 9 9 9 9 1 . 7 0 3 9 9 8 6 0 . 1 2 2 5 9 9 9 6 0 . 0 2 7 6 3 0 0 0 0 . 0 
isoi6i 3 1 26 & c c 2 2 1 . 9 6 7 9 9 9 5 2 . 7 0 3 9 9 8 6 0 . 1 9 * 5 9 9 9 9 0 . 0 2 7 6 0 0 0 0 0 . 0 
1 5 0 1 7 1 32 25 5 c c 2 2 1 . 2 3 3 9 9 9 3 1 . 6 9 5 9 9 8 2 0 . 1 2 1 9 9 4 9 8 0 . 0 2 7 6 0 0 0 0 0 . 0 
isoiei 33 ; t 5 K c c 2 2 1 . 7 * 9 0 0 0 0 2 . 3 9 9 9 9 8 7 0 . 1 7 2 9 9 9 9 8 0 . 0 2 7 6 0 0 O 3 0 . 0 
1 S 0 I 9 1 2 * 2 7 6 C 0 2 2 1 . 7 6 8 9 9 9 1 2 . 6 5 3 9 9 8 * 0 . 1 3 7 9 9 9 7 7 0 . 0 2 7 6 0 0 0 0 0 . 0 
1 5 0 2 0 1 30 2 7 6 C 0 2 2 1 . 2 3 9 9 9 9 8 1 . 8 5 8 9 9 9 3 0 . 0 9 6 7 9 9 9 7 0 . 0 2 7 6 0 O O O 0 . 0 
1 5 0 2 1 1 3 1 26 6 c c 2 2 1 . 9 6 7 9 9 9 5 2 . 9 * 9 9 9 9 9 0 . 1 5 3 S 9 9 9 8 0 * 0 2 7 6 0 0 0 0 0 . 0 
1 5 0 2 2 1 3 2 25 6 0 0 2 2 1 . 2 3 3 9 9 9 3 1 . 6 * 9 9 9 8 5 0 . 0 9 6 3 9 9 7 8 0 . 0 2 7 6 3 C 0 3 0 . 0 
1 5 0 2 3 1 3 3 25 6 C 0 2 2 1 . 7 * 9 C 0 O 0 2 . 6 2 2 9 9 9 2 0 . 1 3 6 S 9 9 9 6 0 . 0 2 7 6 0 0 0 0 0 . 0 
1 * 0 2 * 1 1 0 7 C 0 2 2 2 . 7 5 0 C O O 0 0 . 0 0 . 1 3 0 8 9 9 9 7 0 . 3 C O 
1 = 0 2 5 1 3 0 7 C 0 2 2 2 . 7 5 0 * 0 0 0 0 . 0 0 . 1 3 O S 9 9 9 7 0 . 3 o.c 1 5 0 2 6 1 « c 7 0 0 2 2 9 . 4 7 9 9 9 8 6 0 . 0 0 . A S 1 3 9 9 9 6 0 . 0 0 . 0 
1 5 0 2 7 1 5 c 7 0 0 2 2 1 2 . 1 8 9 9 9 9 6 C O 0 . 5 8 0 2 9 9 7 9 0 . 0 o.o 
1 5 0 2 8 1 6 c 7 C 0 2 2 9 . 6 8 9 9 9 9 6 c c 0 . 4 6 0 9 9 9 9 7 0 . 0 0 . 0 
1 5 0 2 9 1 7 c 7 C 0 2 2 3 . 2 0 9 9 9 9 1 0 . 0 0 . 1 5 2 6 9 9 9 5 0 . 0 0 . 0 
1 5 0 3 0 1 1 1 c 7 0 C 2 2 7 . 2 1 9 9 9 8 * c e 0 . ? ' J 7 9 9 9 5 0 . 0 o.o 1 5 0 3 1 1 1 2 c 7 0 C 2 2 7 . 1 9 2 9 9 8 9 0 . 0 0 . 4 2 * 9 9 7 9 0 . 0 0 . 0 
1 5 0 3 2 1 1 3 c 7 0 C 2 2 C 6 5 9 9 9 8 9 0 , 0 0 . 4 1 2 2 9 9 8 1 0 . 0 o.c 1 5 0 3 3 1 1 * c 7 0 0 2 2 S . 5 2 9 9 9 8 8 0 . 0 0 . 2 6 3 3 9 9 9 ? 0 . 0 o.c 1 5 0 3 * 1 X 5 0 7 c c 2 2 2 C 5 2 9 9 9 8 8 0 . 0 0 . 9 7 7 3 0 3 0 0 0 . 0 0 . 0 
1 5 0 3 5 1 1 6 c 7 C 0 2 2 1 3 . 8 9 9 9 9 8 7 0 . 0 0 . 6 6 1 8 9 9 8 1 0 . 0 0 . 0 
1 5 0 3 6 1 1 7 0 7 C 0 2 2 2 .7S0COO0 0 . 0 0 . I 3 O 8 9 3 9 7 C O 0 . 0 
1 5 0 3 7 1 I S c 7 O 0 2 2 1 9 . 4 5 9 9 9 1 S o.o 0 . 9 2 6 7 9 9 7 7 0 . 0 o.c 1503ftX 2 0 0 7 O 0 2 2 5 . 3 3 9 9 9 9 2 0 . 0 0 . 2 5 * 3 9 9 9 6 0 . 0 0 . 0 
1 5 0 3 9 1 21 c 7 C 0 2 2 2 . 7 5 0 * 0 0 0 0 . 0 0 . 1 3 0 8 9 9 9 7 C O o.c 1 5 0 * 0 1 3 6 0 7 C 0 2 2 2 0 . * 2 9 9 9 2 7 o.o 0 . 9 7 2 8 9 9 7 9 0 . 0 0 . 0 
1 5 0 * 1 1 3 6 0 a c c 2 2 3 * . 0 3 1 2 9 5 8 0 . 0 3 . 5 3 2 3 0 0 0 0 0 . 0 0 . 0 
1 5 0 * 2 1 3 7 0 7 c c 2 2 7 . 1 9 3 1 9 9 2 0 . 0 0 . 3 * 2 * 9 9 8 5 0 . 0 0 . 0 
1 5 0 * 3 1 e «2 1 1 C 1 C 2 2 3 C C 1 6 • 1 . 6 3 7 0 . 1 * 5 3 1 0 , . 0 * 3 9 2 0 . 
1 5 0 * * 1 9 «1 1 1 0 I c 2 2 3 0 . C 1 6 * 1 . 6 3 7 0 . 1 * 5 3 1 0 . . 0 * 3 9 2 0 . 
1 5 0 * 5 1 10 43 1 1 0 I c 2 2 3 0 . 0 1 6 • 1 . 6 3 7 0 . 1 4 5 3 1 0 . 3 4 3 9 2 0 . 
150012 0 . 0 0 . C«710CC 0 . 0 0 . 0 0 . 0 9 . 0 
150022 0 . 0 O.C«710CC C O C O 0 . 0 0 . 0 
1 5 0 0 3 2 0 . 0 0 . C«71CCC C O 0 . 0 0 . 3 0 . 0 
I £ 0 0 * 2 C O O.C«71CCC C O 0 . 0 0 . 0 0 . 0 
1 5 0 0 5 2 C O C. C«71CCC C O 0 . 0 3 . 0 0 . 0 
1500 62 C O O . C 3 . 0 0 0 0 0 0 0 . 0 0 . 0 0 . 0 
15O0 72 0 . 0 o.c 2 . 5 * 9 9 9 6 0 . 0 0 . 0 0 . 0 
1 5 0 0 8 2 0 . 0 o.c *.oooooo 0 . 0 0 . 0 0 . 0 
1 5 0 0 9 2 C O 0 . 0 C O 0 . 0 0 . 0 0 . 0 
1 5 0 1 0 2 C O o.c C O 0 . 0 0 . 0 0 . 3 
150112 0 . 0 o.c C O 0 . 0 0 . 0 0 . 0 
150122 0 . 0 o.c C O 0 . 0 0 . 0 0 . 0 
1 5 0 1 3 2 0 . 0 o.c C O 0 . 0 0 . 0 0 . 0 
1 5 0 1 * 2 0 . 0 o.c C O 2 . 6 5 3 9 9 6 0 . 0 2 . 6 5 3 9 9 6 
1 5 0 1 5 2 0 . 0 o.c 0 . 0 1 . 8 5 8 9 9 6 2 . 6 5 5 0 0 3 < k. 50 9 9 9 6 
1 5 0 1 6 2 C O o.c c c 2 . 9 5 0 0 0 0 0 . 0 1 3 . 0 
1 5 0 1 7 2 0 . 0 o.c C O 1 . 8 * 9 9 9 6 0 . 0 0 1 3 0 3 1 . 8 3 9 9 9 6 
1 5 0 1 0 2 0 . 0 o.c c.c 2 . 6 2 2 9 9 6 1 . 8 5 1 3 0 0 4 . 5 9 1 9 0 0 
1 5 0 1 9 2 o.c o.c C O 2 . 6 5 3 9 9 6 0 . 0 2 . 6 5 3 9 9 6 
1 5 0 2 0 2 0 . 0 o.c C O I . 8 5 8 9 9 6 2 . 6 5 5 3 0 ' « k . S l 1 9 9 6 
1 5 0 2 1 2 0 . 3 c. c C O 2 . 9 5 0 0 0 0 0 . 0 0 . 0 
1 5 0 2 2 2 0 . 0 o.c C O 1 . 8 * 9 9 9 8 0 . 0 0 1 3 0 0 1 . 8 * 9 0 0 0 
1 5 0 2 3 2 C O o.c 0 . 0 2 . 6 2 2 9 9 6 1 . 8 5 1 0 0 3 < » . 5 9 1 0 0 0 
1 5 0 2 * 2 C O o.c 3 . OOOOOO 0 . 0 0 . 0 0 . 0 
1 5 0 2 5 2 0 . 0 o.c 3 . 0 0 0 0 0 0 0 . 0 C O 0 . 0 
1 5 0 2 6 2 C O o.c 1 C 3 * 9 9 9 8 0 . 0 O.C 0 . 0 
1 5 0 2 7 2 0 . 0 0 . C 1 3 . 2 9 9 9 9 6 0 . 0 0 . 0 0 . 0 
1 5 0 2 8 2 C O o.c 1C57COOO 0 . 0 0 . 0 0 . 0 
1 5 0 2 9 2 0 . 0 o.c 3.SC0OO0 0 . 0 0 . 0 0 . 0 
1 5 0 3 0 2 0 . 0 0 . 0 7 . 8 7 9 9 9 6 0 . 0 3 . 0 0 . 0 
1 5 0 3 1 2 0 . 0 o.c 7 . 8 * 9 9 9 9 0 . 0 0 . 0 0 . 0 
1 5 0 3 2 2 C O o.c C * S O O 0 0 0 . 0 0 . 0 0 . 0 
1 5 0 3 3 2 0 . 0 o.c 6.03COO0 0 . 0 3 . 0 0 . 0 
1 5 0 3 * 2 C O o.c 2 2 . 3 9 9 9 9 * 0 . 0 0 . 3 0 . 0 



i U 

150352 0 . 3 O.C I S . 1 6 9 9 9 6 0 . 0 0 . 0 0. . 0 
1 5 0 3 6 2 0 . 0 O.C 3 .00OO03 0 . 0 0 . 0 0 . . 0 
1 5 0 3 7 2 0 . 0 O.C 21 . 2 3 9 9 7 5 0 . 0 0 . 0 0 . . 0 
1 5 0 3 6 2 C O C. C 5 . 8 3 0 0 0 0 0 . 0 0 . 0 0 . . 0 
150392 C O O.C 3 .OCCOOQ 0 . 0 0 . 0 0 . . 0 
1 5 0 * 0 2 C O C. C 2 2 . 2 9 9 9 6 6 0 . 0 3 . 0 Q. . 0 
150A12 C O O.C 12 . 3 7 9 9 9 7 0 . 0 0 . 0 0 . . 0 
150A22 C O O.C 7 . 8 * 9 9 9 6 0 . 0 0 . 0 0 . . 0 
1 5 0 * 3 2 0 .1 &*; *?2 0 . 6 . CA3 7 . 0 6 7 0 . 0 . 9 3 
150AA2 0.1 CA: i « 0 . 6 . 0 * 3 7 . ; z : o . o . 8 9 
150A52 0.1 CA; !S2 0 . 6 . CA3 7 . 0 6 7 0 . 0 . 9 3 

• CORE CARDS 

1COC10 1 5 6 9 C C C. 111OA00 0 . 0 0 . 4 
I ««0 20 2 S 12 13 C O 0 . 1 8 5 8 7 9 9 0 . 0 0 . 4 
1600 30 3 S 12 13 0 . 0 0 . A 1 3 1 8 9 9 0 . 0 0 . 4 
I C O O A O * 5 12 13 0 . 0 C. 1 7 9 8 9 0 0 0 . 0 0 . 4 
1600 50 5 5 e 9 o.c c. U"OOO0 0 . 0 0 . 4 

* SLAB CEOMETRV CARD 5 

1 7 0 1 0 1 2 fc 3 2 C . .CCSC67 C . 
170102 C 1 2 1 . 1 C C E - 0 3 1 . 0 
17C103 0 A 3 A . 1 6 7 E - 0 3 o. 1 7 0 1 0 * c 2 « . 0 0 2 5 0 , 
170105 0 6 1 7 . C C A 2 E - 6 C 
1 7 0 1 0 6 0 2 2 .CCCE33 0 . 
1 7 0 2 0 1 2 e 3 2 C. . C C C 5 7 9 0 . 
170202 V 1 2 1 . 5 8 6 5 - 0 3 1 . 0 
1702C3 0 A 3 A . 1 6 7 S - 0 3 0 . 
17020A 0 2 « . 0 0 2 5 0 . 
17020S 0 e 1 3 . 7 5 C 9 E - 6 O. 
170206 o 2 2 . C 0 C 8 3 3 0 . 
1 7 0 3 0 1 2 e 3 2 C . . C C 7 6 6 6 C . 
170302 0 1 1 1 . T 8 3 E - 0 3 0 . 5 
1 7 0 3 0 3 0 5 1 7 . I 8 E - 0 * 0 . 5 
1 7 0 3 0 * 0 A 3 A . 1 6 7 E - 0 3 0 . 
1 7 0 3 0 5 0 6 1 1 .CC7E-C 0 . 
1 7 0 3 0 6 0 2 5 3 . 3 3 3 E - 3 C. 
1 7 0 * 0 1 2 2 2 3 C . 3 6 5 0 . 0 3 3 3 0 . 
170AC2 0 2 1 0 . OS 0 . 
170501 1 1 2 A C. C* 0 6 3 3 3 0 . 
170601 1 1 2 A e» o . 0 6 2 5 0 . 
170701 2 2 2 3 C. 1A59 0 . 0 1 6 6 6 0 . 
1 7 0 7 0 2 C 2 1 C. 0 2 5 0 . 
1 7 0 6 0 1 2 2 2 3 0 . A 3 7 S C.C3TS 0 . 
1 7 0 8 0 2 0 2 2 . C S 6 2 S 0 . 
1 7 0 9 0 1 2 « 3 2 C. .CCeS7S C. 
170902 0 1 2 1 . 5 6 8 E - 0 3 1 . 0 
170903 0 A 3 * . 1 6 T t - 0 3 0 . 
1 7 0 9 0 * 0 2 A . C025 0 . 
1 7 0 9 0 5 0 A 1 5 . 7CSSE-6 0 . 
1 7 0 9 0 6 c 2 2 . C 0 6 C 3 3 0 . 
1 7 1 0 0 1 2 t 3 2 C . .CC76C6 0 . 
1 7 1 0 0 2 0 1 1 1 . T 8 3 E - 0 3 e.s 1 7 1 0 0 3 0 S 1 7 . 1 6 E - C A 0 . 5 
1 7 1 0 C * 0 A 3 A . 1 6 T E - 0 3 0 . 
1 7 1 0 0 5 0 6 1 3 . S 2 C A C - 6 0 . 
171006 c 2 5 3 . 3 3 3 E - 3 C . 
1 7 1 1 0 1 2 1 2 A C. 0 2 1 9 6 0 .COA083 0 . 

» VOLUMETRIC HEAT CAPACITY 8 T L ^ - F T * * 3 MATERIAL 1 - INCONNEL 

190101 2 0 C. S 1 . A 1 2 0 0 . 5 7 . A 3 * 3 0 0 . 5 9 . 5 2 7 A IVCONNEL 
1 9 0 1 0 2 AOO. 6 1 . 1 6 7 5 0 0 . 6 2 . * 7 6 6 O 0 . 6 3 . 5 7 2 • 11CONNEL 
1 9 0 1 0 3 7CC. 6 * . 5 7 6 6 0 0 . 6 5 . 6 1 2 9 0 0 . 6 6 . 7 9 5 • IKCQHNEL 
1901«»* 1 0 0 0 . 6 6 . 2 * 7 1 1 0 0 . 7 0 . 0 6 6 1 2 0 0 . 7 2 . A 3 9 A IN CONN EL 
1 9 - I 0 i > 1 3 0 0 . 7 5 . A 2 0 1 * 0 0 . 7 9 . 1 5 0 1 5 0 0 . 6 3 . 7 S O A IM CONN EL 
1 9 0 1 0 6 1 6 0 0 . 8 9 . 3 * 1 1 7 0 0 . 9 6 . 0 * 2 1 6 0 0 . 1 0 3 . 9 7 3 A 1KCONNEL 
1 9 0 1 0 7 
0 

1 9 O 0 . 1 1 3 . 2 5 5 2 0 0 0 . 1 2 A . Q 0 6 A INCONNEL 

• THERMAL CONDUCTIVITY a T U / F T - H R - F MATERIAL 1 - IMCONNE?. 

160101 2 0 0 . 8 . A 2 9 4 . 2 0 0 . 9 . 0 9 8 3 0 0 . 9 . A 9 5 A91M CORNEL 
160102 AOO. 9 . 9 3 0 5 0 0 . 1 0 . 3 9 6 6 0 0 . 1 0 . 8 9 6 A INCONNEL 
160103 7 C 0 . 1 1 * 6 2 0 6 0 0 . 11 . 9 6 7 9 0 0 . 1 2 . 5 3 2 • IMCONNCL 
1 6 0 1 0 * 1 0 0 0 . 1 3 . 1 1 3 1 1 0 O . 1 3 . 7 0 A 1 2 0 0 . 1 A . 3 0 3 A IMCONNCL 
1 6 0 1 0 5 1 3 0 C . 4 * . 9 0 6 1 * 0 0 . I S . 5 0 9 1 5 0 0 . 1 6 . 1 0 9 • tNCONNGL 
1 6 0 1 0 6 1 6 0 0 . 1 6 . T C I 1 7 0 0 . 1 7 . 2 6 2 1 6 0 0 . 1 7 . 8 A 9 A INCONNEL 
1 6 0 1 0 7 1 9 0 0 . 1 8 . 3 9 7 2 0 0 0 . 1 8 . 9 2 2 A 11 CONN EL 

• LIMEA4 
• 

EW>AMSIO*l C O E F F I C I E N T 1 • F MATERIAL 1 -- INCOMNEL 

• 
• VOLUMETRIC HEAT CAPACITY 6 T L ^ - F T A A 3 MATERIAL 2 - 3 1 6 ss 
1902C1 2 0 0* 5 1 . 6 8 2 0 0 . 5 6 . 9 2 3 3 O 0 . 5 9 . 0 2 0 A 3 1 6 - S T S T 
19O202 AOO. 6 0 . 6 A 6 5 0 0 . 6 2 . A A 7 6 0 0 . 6 3 . 8 6 5 • 3 1 6 - S T S T 
19O203 7 0 0 . 6 S . 1 A 1 6 0 0 . 6 6 . 3 0 6 9 0 0 . 6 7 . A O O A 3 1 6 - S T S T 
19O20* 1 0 0 0 * 68 .AAA 1 1 0 0 . 6 9 . A 6 3 1 2 O 0 . V 0 . A 8 O • 3 1 6 - S T S T 
1902OS 1 3 0 0 . 71 . 5 0 6 1 * 0 0 . 7 2 . 5 6 3 I S O O . 7 3 . 6 5 2 A 3 1 6 - S T S T 
1 9 0 2 0 6 1 6 0 0 . 7 * . 7 6 2 1 7 0 0 . 7 5 . 9 5 2 1 8 O 0 . 7 7 . 1 6 2 A 3 1 6 - S T S T 
1 9 0 2 0 7 1 9 0 0 . 78.AOO 2 0 0 0 . 7 9 . 6 7 2 A 3 1 6 - S T S T 



THERMAL CONDUCTIVITY BTL./F T-MR-F MATERIAL £ - 3 1 6 SS 

leoaci 
160202 180203 
18C20A 
18C205 
18C206 
180207 

c. 7 . 2 * 5 8 2 0 C . 3 . 2 2 5 
AOO. 9 . 1 A A 5 0 0 . 9 . 5 8 6 
TOO. 1 0 . A A 8 8 3 0 . 1 0 . 8 7 2 

1 C 0 C . 11 . 7 1 6 11 0 0 . 1 2 . 1 * 5 
1 3 0 0 . 1 3 . C 1 7 1 A O 0 . 1 3 . * 6 T 
U O C . 1 A . A 0 6 1 7 0 0 . I A . 9 0 0 
1 9 C C . 1 5 . 9 A 8 2 0 0 0 . 1 6 . 5 0 7 

LINEAR c W A N S t O N COEFF IC IENT 

3 0 3 . 
6 3 0 , 
9 0 0 , 

1 2 3 0 , 
1 5 3 0 , 
1 8 0 0 , 

I / F MATERIAL * - 316 SS 

6 . 6 9 1 
1 0 . 3 2 0 
1 1 . 2 9 A 
1 2 . 5 7 T 
1 3 . 9 2 9 
15.A1A 

316 -STST 
3 1 6 - S T S T 
3 1 6 - S T S T 
31<V-STST 
3 1 6 - S T S T 
3 1 6 - S T S T 
3 1 6 - S T S T 

• VOLUMETRIC MEAT CAPACITY B T L / F - F T A A 3 MATERIAL 3 - MGC 
* 
1 9 0 3 0 1 2C C . * ? . 5 5 l € 2 0 0 . 5 2 . 2 1 5 6 3 0 0 . 5 4 . 2 C S 4 AOO. 5 5 . 9 * 6 8 50 0 . 5 7 . 4 9 * * 
19C3C2 6 0 0 . 5 8 . 6 5 1 2 TCC. 6 0 . C 3 , 8 * 8 0 0 . 6 1 . 0 3 * 3 9 0 0 . 6 1 . 9 3 * 0 1 0 0 0 . 6 2 . 6 * 6 0 
1 9 0 3 0 3 H O C . 6 3 . 2 6 C S 1 1 S C . 6 3 . 5 3 6 * 1 2 3 0 . 6 3 . 7 9 0 8 1 2 S O . 6 * . 0 2 * 0 1 3 0 0 . 6 * . 2 3 6 0 
1 9 0 3 3 * 1 4 0 C . C * . 5 9 6 * 1 5 C C . 6 * * 9 1 * 4 1 6 0 0 . 6 5 . 1 9 0 0 1 7 Q 3 . o S . « * « f t 1 8 0 0 . 6 5 . 9 7 7 6 

THERMAL CONDUCTIVITY STLV^T-MR-F MATERIAL 3 HOC 

1 8 0 3 0 1 23 O . e . 4 * 3 S 2 C 0 . 6 . 4 8 C 5 3 0 0 . 5 . 7 0 * 9 4 0 0 . 5 . 0 * 7 0 5 0 0 . * . « 9 3 7 
180302 6 0 C . 4 . C 3 2 6 7CC. 3 . 6 5 2 3 3 3 0 . 3 . 3 * 2 3 9C3 . 3 . 3 9 3 0 
1 8 0 3 0 3 1 0 C 0 . 2 . C 9 5 9 1 1 0 0 . 2 . 7 * 3 1 1 2 0 3 . 2 . 6 2 3 1 1 3 C 0 . 2 . 5 4 S 0 
1 8 0 3 3 * 1 4 C C . 2 . * e C E 1 5 0 0 . 2 . 4 5 5 8 1 6 0 0 . 2 . 4 * 2 8 1 7 0 0 . 2 . ' . * 2 8 
1803CS 18CC. 2 . * « 2 € 1 9 C C . « . » A 2 8 2 3 0 0 . 2 . * « 2 8 

LINEAR EX>ANSION COEFFIC IENT 1 / F MATERIAL 3 - MGO 

• VOLUMETRIC MEAT CAPACITY B T L / F - F T * » 3 MATERIAL * - 8N 

1904C1 20 C . 2c.se 2 3 3 . 2 9 . 8 9 6 530 . 3 3 . 0 12 • 3 N 
1 9 0 4 0 2 «oc. 3 6 . 2 6 5 5 0 3 . 3 9 . 1 7 8 6 3 0 . • 1 . 7 7 5 • BN 
19C403 TOO. 4 4 . C T 8 8 0 0 . 4 6 . 1 1 2 9 3 0 . • 7 . 9 0 0 • B N 
1 9 0 4 0 * 10CC. « 9 . « 6 6 1 1 0 0 . 5 0 . 8 3 * 1 2 3 3 . 5 2 . 0 2 6 • B N 
19O405 1 3CC. 5 3 . C 6 7 1 * 0 0 . 5 3 . 9 8 0 150 3 . 5 * . 7 8 9 • en 1 9 0 4 0 6 16CC. 5 5 . 5 1 7 1 7 0 3 . 5 6 . 1 8 8 1 8 0 0 . 5 6 . 8 2 6 • an 
1 9 0 4 0 7 1 9 0 C 5"7 . *53 2 0 0 0 . 5 8 . 0 9 * • BN 

• THEPMAL CONDUCTIVITY BTL>FT-Ni* -F MATERIAL * - BN 

180401 2 0 0 . 2 1 . C S C 2 3 0 0 . 1 8 . 6 * 9 0 5 0 0 . 1 7 . 3 9 2 7 6 0 0 . 1 6 . 3 4 4 2 
1 8 0 4 0 2 TOC. 1 5 . 6 1 * 7 7 5 0 . 1 5 . 2 6 5 * 8 0 0 . 1 4 . 9 1 8 6 8 5 0 . 1 4 . 5 7 3 8 
1 8 0 4 0 3 9 0 C . 1 « . 2 « C 3 9 S C . 1 3 . 9 2 1 2 1 0 0 0 . 1 3 . 6 3 * 0 1 0 5 0 . 1 3 . 2 9 5 0 
1 8 0 4 0 * 1 1 0 0 . 1 2 . 9 9 * 4 1 1 5 0 . 1 2 . 7 0 2 5 1 2 0 0 . 1 2 . 4 1 9 6 1 3 0 0 . 1 1 . 8 8 2 1 
1 8 0 * 0 5 1 4 0 0 . 1 1 . 3 * * * 15CC. 1 0 . 9 2 8 7 1 7 0 0 . 1 3 . 1 5 3 1 2 0 0 0 . 9 . 3 6 5 0 

LINEAR E *> AN St ON COEFF IC IENT | / F MATERIAL 4 - BN 

* VOLUMETRIC MEAT 
f t 

CAPACITY B T L / F - F T A A 3 MATERIAL 5 - 7 0 G J 3 0 N I 

19C5C1 2 C 0 . 5 2 . 5 5 2 0 0 . 5 5 . 5 1 2 3 0 0 . 5 6 . 8 1 7 • - 0 C U 3 0 N I 
1 9 0 5 0 2 «oc. S 8 . C 3 2 soa. 5 9 . 1 7 9 6 3 0 . 6 0 . 2 6 0 • 70C<J30NI 
1 9 0 5 0 3 7 0 0 . 6 1 . 3 5 8 8 3 0 . 6 2 . 4 3 5 9 0 0 . 6 3 . 5 3 2 • 70CU30NI 
1 9 O 5 0 * 1 COO. 6 « . 6 7 2 11 3 0 . 6 S . 8 7 6 1 2 3 0 . 6 7 . 1 6 7 • 70CU3ONI 
1 9 0 5 3 5 1 3 0 0 . 6 8 . 5 6 7 1 * 0 0 . 7 0 . 0 9 8 1 5 O 0 . 7 1 . 7 8 2 • 7CC030WI 
19O506 icoc. 7 3 . 6 * 1 1 7 0 0 . 7 5 . 6 9 7 1 8 3 0 . 7 7 . 9 73 • 70CU30NI 
1 9 0 5 0 7 1 9 0 C . 8 0 . 4 8 9 2 0 0 0 . 8 3 . 2 6 9 A 70CU30NI 

CONDUCTIVITY 8 T U y F T - » « - » MATERIAL 5 - 7,. O J 3 0 N I 

180S01 «C C . 1 6 . C C 2 2 0 0 . 1 7 . 9 7 2 3 3 0 . 1 9 . 3 1 * • 7CCU30NI 
1 8 0 5 0 2 4 0 C . 2 C . V 6 0 5 0 0 . 2 2 . 8 3 3 6 3 0 . 2 * . 9 19 • 70CU3ONI 
1 8 0 5 0 3 7 0 0 . 2 7 . 2 6 1 8 0 0 . 2 9 . 9 6 * 9 0 0 . 3 3 . 1 9 3 • 70CU3ONI 
1 8 0 5 0 * 1 0 0 0 . 3 7 . 1 7 * 1 1 0 0 . 4 2 . 1 9 0 1 2 3 0 . • 8 . 5 9 9 • 7 0 C U 3 f * t 
1 8 0 5 0 5 1 3 0 C . 5 6 . 7 7 * 1 * 0 0 . 6 7 . 2 1 2 1 S O 0 . 8 0 . * 2 9 • 70CUIONI 
180506 1 < 0 C . 9 7 . 0 1 0 1 7 0 0 . 1 1 7 . 6 0 2 1 8 0 0 . 1 * 2 . 9 11 • 70CU3ONI 
1 8 0 5 0 7 
• 

19CC. 1 7 3 . 7 0 * 2 0 0 0 . 2 1 0 . 8 0 7 • 70CU3ONI 

LINEAR E l P A N S I O N COEFFIC IENT 1 / F MATERIAL 5 - 70CU3OMI 

VOLUMETRIC MEAT CAPACITY B T L S F - F T * * 3 MATERIAL 6 - A |R I s CAP 

1906C1 20 2 5 . . C I 9 7 3 6 8 . . 0 1 8 1 2 1 0 0 . . 0 1 7 0 8 2 3 0 . . 0 1 * * 9 
1 9 0 6 3 2 3ac. . 0 1 2 S < * C C . . 0 1 1 1 1 5 0 0 . . 0 0 9 9 5 6 0 i 0 . . 0 0 9 0 1 
190603 7 0 C , . 0 C 8 2 4 eco. . 0 0 7 5 8 9 0 0 . . C 0 7 3 2 1 0 * 0 . . 0 0 6 5 * 
1 9 0 6 0 * 11CC. . C C 6 1 ? 1 2 0 C . . 0 0 5 7 5 1 3 0 0 . . 0 0 5 * 3 1 * 0 3 . . 0 0 5 1 3 
19O605 I I C C . •co«e? i * t c . . 0 0 * 6 3 1 7 0 3 . . 0 0 4 4 2 2 0 0 0 . . 0 0 280 

« THERMAL CONDUCT! V I fY BTU/FT -MR-F MATERIAL 6 - AIR I N GAP 

leceoi 2C 2 5 . . C 1 3 5 * ««. , 0 1 * 4 6 8 5 1 0 0 . . 0 1 5 1 6 > 0 0 . . 0 1 7 3 2 
16060 2 3 0 C . . 0 1 9 4 * •oc. . 0 2 1 6 * 5 3 0 . . 0 2380 6 0 0 . . 0 2 5 9 6 
18060 3 TOC. . 0 2 8 1 ?. ecc. . 0 3 0 2 8 9 0 0 . . 0 3 2 4 * 1 0 0 0 . . 0 3 * 6 0 
18060 A 1 1 0 0 . . 0 3 6 7 6 1 2 0 0 . . 0 3 8 9 2 1 3 0 0 . c 0 * 1 3 8 1 * 0 0 . . 0 * 3 2 * 
1 6 0 * 0 3 1SOC. . C * 5 * C 16CC. . 0 * 7 S « 1 7 0 0 . . 0 * 9 7 2 2 0 3 0 . . 0 5 6 2 0 
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• LINEAR EV>ANSION COEFFIC IENT I / F MATERIAL 6 - A I R I N GAP 

• HEAT E ICC MANSER CAROS 

2 1 0 1 0 : 2 * 1 8 O.C C 1 8 T 1 2 1 0 . 0 0 0 . 1 S T 1 



Append i x B 

RELAP DEPRESSURIZATIOX TEST MODEL LISTING 



=TEST TEST ROOE1. FOR OF^RESSURI iAT lON STUDIES - 2 8 ««Air 77 

• T H I S DECK USES * F I L L TABtE ANO * . n - M O T - M C T TE«W»E»*TURE 
• D I S T R I B U T I O N * 
• PROBER O I "EUSJOKS 

9 1 0 2 0 1 - 2 9 4 2 I 4 1 C 1 4 C C C 1 1 I S 3 O 9 
" 1 0 3 3 2 3 . l . C 

• <*INOR F O I I WAAtAat.ES 

32OC00 *P I A P 3 A 3 3 A P T A P 9 A P 1 I A P 1 3 F V 1 3 J N 1 J 

• ENTMALPV TRANSPORT SMUT DOR* 

3 3 * ? 0 3 .CCO901 

• Tl«*£ STEP CARDS 

3 3 0 0 : 3 5 0 3 I C 1 C . C 9 0 1 .C I 0 0 0 1 . 0 0 1 
330-323 se is i I 0 . 0 ( 1 ."»0001 . O S 
0 3 0 0 3 3 *• i ^ i 1 C . 0 1 .QOOOl . S 
3 3 3 0 * 3 5 I t 1 I C . 0 1 . 0 9 0 0 1 2 1 0 . 

• T R I P 
• 
049C10 

CAROS • T R I P 
• 
049C10 1 I C O 5 . 0 O.O * TR IP EtO 
94302T 2 I C O 0 . 0 O .C * T R I P LEAK TO F I R S T PO»JER CURVE 

• VOVORE DATA CARDS 

9 5 3 1 4 1 0 C 220C.O1CC 6 3 3 . Q 0 0 C - 1 . 0 3 9 9 . 2 O 9 A 0 0 3 . 2 9 2 « 0 . 2 9 2 0 • S . P . 2 OUTLET 
0 S . ' J 1 3 1 0 0 2 2 0 C . O 0 C 0 6 3 3 . 0 O O 0 - 1 . 0 9 0 0 .394TOO 3 . . 2 9 2 0 0 . 2 9 2 0 
3 U I I I 9 C 2 2 0 C , .99CO 6 3 3 . 9 0 0 C - l . O O O 0 . 4 3 6 O 0 S 6 . 90O0 6 . 9 0 0 0 
O50091 n. 0 2?PC. .OOCO 633 .QCCC - 1 . 0 0 0 0 . 3 0 4 S 0 0 Q . . 2 9 2 0 0 . 2 9 2 0 
OSOOTI C 0 2 7 0 0 . . 0 0 0 0 637:.OOCO - 1 . 9 9 0 9 . 2 3 3 2 9 0 0 . . 2 9 2 9 C . 2 9 2 0 • I ' O . E T HEAOR 
0 5 3 0 6 1 0 0 2 2 0 0 . 3 0 0 0 6 3 3 . 3 0 4 C - 1 . 0 3 0 9 . 4 9 S 9 O 0 7 . . 0 4 9 9 7 . 0 4 0 0 «M» 5"»P4SS 
0 5 3 0 5 1 0 0 2200.OOCC 633.QCOO - 1 . 0 0 0 0 . 2 9 5 6 3 0 4 . 0O9O 4 . 0 9 C O 
0S9C31 0 3 2 2 0 0 . . C 0 0 0 6 3 3 . C O O 0 - 1 . 0 0 0 0 . A O 3 0 0 0 O . . 2 9 2 3 0 . 2 9 2 0 • H O W TO. PR£S 
aso?ii 1 C 2 2 0 0 . 9 300 0 . 0 0 . 0 7 . 4 5 0 0 0 0 1 2 . . 4 9 0 0 1 1 1 . 9 9 •PRESSOR l * E R 
0 S 0 0 2 1 0 0 2200.OOCC 6 3 3 . 0 0 0 C - 1 . 0 0 0 0 . 6 5 8 1 0 0 6 . 1 3 0 3 r . 1 9 0 0 •PRNSS t t 
9 5 3 1 2 1 0 - ? 2 0 C . C 3 0 0 6 3 3 . 0 O O C - 1 . 0 0 0 0 . 3 7 9 6 9 0 3 . . 2 9 2 0 0 . 2 9 2 C 
0 5 0 1 3 1 3 0 2 2 CO. O30O 6 3 3 . 0 0 0 ? - l . O O O 0 .A360OO 6 . . 7 0 0 0 6 . 7 0 0 0 
osocoi 0 0 2 2 0 0 , ,000C 6 3 3 . 0 0 0 0 - 1 . 0 0 0 0 . 3 5 3 3 9 9 1 . 6 5 0 0 1 . 6 5 0 0 
C S 3 0 4 I 0 9 220C.O0OO 633.QOOO - 1 . 0 9 0 0 . 2 9 ^ 6 3 9 4 . , 0 9 9 0 4 . 9 9 0 C 
3 5 0 1 4 2 0 0 - . 0 6 6 * 1 0 0 O . 2 9 1 6 9 9 9 9 2 9 . 7 0 7 8 0 • S . P . 2 OUTLET 
0SO132 0 O.C^601OO 0 . 2 9 1 6 9 9 9 9 2 9 . 7 0 7 8 C 
0 5 0 1 1 2 9 G . 0 6 6 8 1 0 C G . £ 9 1 6 9 9 9 9 2 9 . 7 0 7 8 O 
3SO092 c 0 . 06681OO C . 2 9 1 6 9 9 9 9 * 3 . 0 9 9 9 0 
950©»2 0 C . 0 6 6 6 I 0 O 0 . 2 9 1 6 9 9 9 9 6 1 . 3 5 2 8 O • I N L E T HEAO^ 
0 5 0 0 6 2 0 0 . 06681OO 0 . 2 9 1 6 9 9 9 9 3 6 . 4 1 7 0 O • w * 0TPASS 
0S00S2 0 ' - . 06681OO 0 . 2 9 1 6 9 9 9 9 2 9 . 6 2 5 0 0 
3S3C32 0 .06681PO C . 2 9 1 6 9 9 9 9 2 6 . 7 9 2 9 O •MOW TO PRES 
0SOQ12 0 0 . 6 0 * 0 0 0 0 0.675COWC 9 3 C . 9 3 9 7 0 •PRESSORl*ER 
0SOO22 1 0 . 0 6 6 8 1 0 0 O . 2 9 1 6 9 9 9 9 2 6 . 8 9 9 7 0 • O R H S S L«* 
0 5 3 1 2 2 3 Q . C 6 6 8 1 0 C C . 2 9 1 6 9 9 9 9 2 9 . 7 0 7 8 0 
0 5 0 1 0 2 C 0 . C 6 6 8 1 0 C 0 . 2 9 1 6 9 9 9 9 3 6 . 5 6 9 8 0 
CS0062 0 C . C 6 6 8 1 0 C 0 . 2 9 1 6 9 9 9 9 6 1 . S 0 O 0 0 
0 S 0 0 4 2 0 0 .06681OC 0 . 2 9 1 6 9 4 9 9 2 A. 9 3 SO O 

A SUOBLE R I S E CARD 
060C11 
• 

O . 3 . 0 060C11 
• MOM DATA CAROS 

• T H t AREA OF JUNCTIONS W I T * O R I F I C E S OR VALVES I S » ADJACENT VOL CS AREA 

eo i * i 0 1A 1 - 0 . 0 C. . 6 O 6 I 0 9 O 9 2 9 . 8 5 3 7 6 0 . 0 » . S 0 0 7..S 
9 0 0 1 3 1 1 3 1 * 0 o 0 . 0 O. 0 6 6 6 1 OO 9 2 9 . S 5 3 7 6 9 . 0 7,5«>9 7 . S 
0 9 0 1 1 1 - 1 1 2 0 0 O.C 0 . . 0 6 6 9 1 3 9 9 2 9 . 6 5 3 7 6 3 . 0 9 . 9 3 . 0 
0SO09I 9 1C 0 o 0 . 0 0 . , 9 * 6 8 1 0 9 9 6 1 . 1 9 9 9 5 0 . 0 3 . 0 0 . 0 
0 9 0 0 7 1 7 8 0 o 0 . 0 0 . . 0 6 5 * 1 OO 9 6 3 . 5 6 9 6 0 3 . 0 0 . 9 9 . 3 
0 8 0 0 6 1 6 7 0 c O.O 0. .06661OO 9 * 1 . 3 4 9 6 6 0 . 9 9 . 3 0 . 0 
0 0 9 0 5 1 * 6 0 0 9 . 0 0 . . 0 6 6 * 1 0 0 9 3 4 . 4 1 9 6 * *>.C 3 . 9 9 . 0 
oaoo3i 3 « 0 0 0 . 0 0 . 0 6 6 X 1 0 9 9 2 4 . 9 3 9 7 J 0 . 3 3 . 9 9 . 0 
0 9 0 0 1 1 : 2 0 c 0 . 0 0 . . 0 6 6 6 1 0 0 9 3 9 . 9 4 9 7 1 0 . 0 1 . 3 9 0 l.OOO 
0 0 0 0 2 1 2 3 C c O.C 0 . . 0 6 6 8 1 3 3 9 2 4 . 9 1 9 6 0 9 0 . 0 9 0 0 0 1 . 3 0 3 1.03Q 
0 * O 1 2 l 1 2 1 3 3 c c.c c. . 9 6 6 8 1 0 3 9 2 9 . 9 5 3 7 6 3 . 0 9 . 3 9 . 3 
0 * 1 1 0 1 1 0 11 0 0 0 . 0 0. , 0 6 6 8 1 0 0 9 3 6 . 5 4 9 0 5 3 . 0 3 . 3 3 . 0 
0 0 4 0 * 1 8 9 t c 0 . 0 C. . 0 6 6 6 1 0 3 9 4 3 . 1 4 2 5 0 9 . 0 i i . 3 3 . 3 
0 0 0 0 4 1 A 5 0 C 0 . 0 d • T<668139 92 9 . 6 9 9 9 5 0 . 3 3 . 9 3 . 0 
0 0 0 1 4 2 © C 2 - 2 O.C 1 . 0 0 0 0 3 0 . 3 0 
G0O132 3 C 2 C 0 . . 0 C .60C 0 9 0 . 1 0 
O M I I 2 0 0 3 0 c • 0 C .60C 0 0 O.A 0 
0 6 3 0 9 2 0 0 3 0 o. . 0 C .6O0 0 0 0 . 0 9 
MOOT? 0 9 3 0 e.o c.6O0 C 0 i .O 0 
O M O U 0 O 3 0 0 . • © C.6O0 0 0 0 . 9 9 
O0OO5* 0 O 3 0 c, .0 C .60C 0 0 0 . 9 0 
0 * 0 0 3 2 0 0 1 0 0 . 0 C 6 0 C 0 0 0 . 0 0 
0 0 6 0 1 2 0 0 2 0 0 . 0 t . 6 0 C 0 0 0 . 0 0 
0 * 0 0 2 2 0 0 0 3 0 . 0 C.6CC 0 0 0 . 3 0 

http://WAAtAat.ES


3 * 3 1 * ? «* f \ 3 C C . C C . 6 2 C 2 2 3 . 2 3 
0891C2 a o 3 C 0 . C C . 6 C C 2 0 3 . 3 n 
oaocn? 3 C 3 C 0 . C C . 6 3 C C 0 3 . 2 2 
0 * 0 0 * 2 C C 3 C 3 .c c.6rc z 9 2 . 9 3 
1 S 9 C 1 1 1 2 i e c 2 2 5 . 5 0 I O 9 9 6 3 . 3 C.S7 , 099«»S»S C . 2 2 . 2 
1 5 0 0 1 2 *» i . •** 3 s . c 2 . 3 o.c •>. 3 
1 3 3 1 0 0 5 * 1 3 l L P S ^ S C C 
1 3 0 1 0 1 <?. 0 . b 6 t . 6 T . 2 - 9 1 * 8 . 1 6 6 2 . S S . * -- T 2 ^ l . f c 6 5 " .»»* 1 3 9 1 0 2 . 6 - « 1 6 * . » 6 6 1 . 6 . 8 - 8 1 1 6 . 0 6 6 2 . 3 1 . 0 - 6 7 9 6 . 6 6 1 . 4 
1 3 O I 0 3 I . * - 5 * ^ 0 . 6 6 3 . 0 1 . 8 - « « 3 9 . 5 6 6 4 . 9 • 2 . 6 - * C - * 2 ' . 8 » " » « . * . 
1 3 O 1 0 * 3 . C - 3 9 6 1 . 7 < & 8 3 . 9 3 . * - 6 3 9 8 . 9 6 9 9 . 7 * . 2 - 6 * 5 C . 6 5 * 1 . 7 
1 3 3 1 C S 5 . C - 1 * 6 1 . 7 7 2 9 . 2 
1 7 9 1 0 1 2 3 I * . * 3 7 5 . 0 3 1 2 5 0 . 
1 7 9 1 0 2 3 1 • . 0 3 1 2 5 0 . 
1 7 0 1 0 3 "» I * . 0 3 1 2 % c. • V O t - U H E T R I C M F A T C » P » C I T » P T U / ^ - F I * * J • U T E R i a 2 - 3 1 * , SS 

1 9 O 1 0 1 2 0 C . S I . 6 8 2 3 9 . 5 6 . 9 2 3 3 9 0 . 5 9 . 2 2 3 • 3 1 6 - S T S T 
1 9 9 1 0 2 * 9 C . 6 C . a « 6 5 0 0 . 6 2 . * * T 6 0 0 . < 6 3 - « * S • M 6 - S T S T 
1 9 0 1 3 3 7 3 C . 6 S . t « l 8 0 9 . 6 6 . 1 0 8 9Q?«. 6 ' » . « 0 2 • 3 1 6 - S T S T 
1 9 0 1 0 * loac. 6 8 . * * * 1 I 9 0 . 6 9 . * 6 3 1 2 0 0 . • - o . * * ^ * 3 1 6 - S T S T 
1 9 O 1 0 5 1 3 P C . 7 1 . S C 8 1 * 0 2 . T 2 . S 6 3 1 S O 0 . T * . - > 5 ? • 3 l * - S T S T 
1 9 0 1 0 6 1 6 3 C . 7 * . 7 8 2 1 7 3 3 . 7 5 . 9 5 2 1 8 9 0 . " . I * * ? * J 1 6 - S T S T 
1 9 9 1 9 7 1 9 0 0 . 7 - . * C 6 2 9 0 0 . T 9 . 4 7 2 * 3 1 6 - S T S T 

• T H E R M A L C O M C U C T I Y I T V a n j ^ f T - » # i - f • t * T E « l * L 2 - 3 1 6 SS 

1 S 9 1 0 1 2 0 c . 7 . 2 « S « 2 0 3 . 8 . 3 2 S 3 3 C . 9 . 6 9 1 • 3 1 6 - S T S T 
1 8 0 1 0 2 « 3 C . 9 . 1 « * 5 0 3 . 9 . 5 8 6 6 0 0 . 1 C . - 2 2 • J l t t - S T S T 
1 4 9 1 0 3 ^ 1 C . 1 9 . « « 8 8 0 3 . 1 0 - 9 * 2 9 9 - 2 . 1 1 . 2 9 * * 3 1 * > - S T S T 
1 9 9 I C « 1 0 2 0 . 1 1 . 7 1 3 1 1 9 3 . 1 2 . I « S 1 2 2 - 3 . 1 2 . ? . 7 " • 3 1 & - S T S T 
' . 9 9 i o s 1 3 C C . 1 3 . C 1 7 1 * 0 0 . 1 3 . * 6 7 1 5 0 0 . 1 3 . 9 2 9 « 3 1 6 - S T S T 
i s o i r * . 1 6 P C . 1 * . « 0 6 17»-9. 1 « . 9 C ? 1 * 3 3 . I 5 . * l * • J 1 6 - S T S T 
1 8 3 1 0 7 . 9 3 0 . 1 5 . 9 4 8 2 9 0 9 . 1 6 . 5 0 > * 3 1 6 - S T S T 
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Appendix C 

RELAP THTF REXODED MODEL LISTING 



BLANK PAGE 



I S » I : * B S J N f S f l_rirt> 1 3 3 » I T 1 N E « M « 4»»0 OLD P W ! i » » T 7» 
T M | S '-^ 
F 3 P T « S 
O* T M * 
MAS S L l 
CAP MOO 
I N N t R C 
SLA « S . 
« C I J « L 
«aj JSTF 
I M F "AT 

C". (JSFS AK » 3 0 0 C 3 I l«"AT ! 3 N T 3 THE ACTUAL I N I T I A L C O N D I T I O N S 
T t M . I T i*AS I M I T I A L F L 3 « :> : i -» IVE3 FB'JM AN F S E K i T CALAMCf 
CC»E J S I ^ C t i « P » n c 3 U > L F AND :>J«E<» » ^ f E R R E A D I N G S . I T 
P I N T « f W H K f C « ( B O B . 1 T . I T MAS A V I X E O S l ? £ 
EL JN ALL C3*«F «L.A"*S - W « E € > » '. -*E S S S T A T U S I N T „ C 

l*F <*_ARS AHC j f T » E E S T i * d N »NO SS I N TMF O U T E R COBE 
t l - * B G i S S t f f S »-»•£. =»EE»« A O J J S T E O T-J BE C L 1 S E R TO T H J 

" i t ^ ^ f i . T M E T f ^ O A T U ^ E S I N T M E L T O * 1 M A y E A L S C a E E N 
P . TME ««I irTU«:F L f v F L I>> THE - ^ E S S U R I J E P M A S =*€EN A C . W S T E D . 
F K I A L P*0»>F1»T I F « »-A*E P E E N U » J A T E 3 . 

» * C * H L « " D I M E N S I O N S 

I 3 C 3 1 - 2 *S • *• t ? I 2 *-' I S -> 9 l 3 

<• I>.•)* . f t > I T « A C | * p * . t S 

023CC-^ A M 6 j a ? A M ? J a « A M ft j a 1 3 AM > J « 1 1 AM 13 

F N T M A L » T T R A N S P O R T S M U T OOMN 

3 3 C 3 ^ C : . C . , t f 3 f " l 

T l " € STEP C * « C ^ 

3 3 ' * 3 I 3 S 3 C 1C 1 C . 1 5 3 1 . 3 3 •»ci . 3 3 1 
3 3 3 C 2 3 S 3 I C 1 C - n - 1 . 3 3 3 0 1 . 3 5 
33nc*3 ^ I C 1 C • •M . 3 C 3 C I . 5 
i3oo*c 
• 
• T t » I » 

s I C 1 C - ~ 1 . 3 C 3 C 1 2 1 ^ . i3oo*c 
• 
• T t » I » 

C A P O S 

3*aei3 1 1 * c " . 3 C O • f ! » t * € * 0 
3 * 3 0 2 ? 2 1 3 3 C . 3 3 . C • I M P L E A < TO F I R S T a O a C n C U R V E 
3 * 3 C 3 C 3 1 c c c« ? 3 . 0 S * T R I P PVIUP 
0 * 3 C * 3 * I C 3 C . C 1 . 9 * 5 » T R | P SEC F L Q a OM M E A T - < 3 * 3 0 5C 
• 
» iroiu» 
• 
» V I I 

1 - • 3 6 3 2 C C . 0 . • T R I P FNQ 3 E L 1 » 2 0 0 P S I 3 * 3 0 5C 
• 
» iroiu» 
• 
» V I I 

• F Z ATA CABOS 

3 * 3 0 5C 
• 
» iroiu» 
• 
» V I I 

3 •̂  r ? 6 5 . 6 8 6 » 6 3 4 . 2 1 7 C - 1 . C 3 0 3 . 2 0 0 * 0 0 3 . . 0 0 0 0 3 . 0 0 3 3 • S . P . J 3 U T L E T 
0 5 0 * 2 1 3 . 2 2 5 7 . , * 9 9 * • . 3 4 . 1 6 * 8 - 1 . ^ 3 3 3 . 2 0 2 6 O 0 2 . 0 1 * 3 2 . 3 1 * 0 • B L J i O C k l N T E E 
" 5 3 C S I 3 C 2 2 * 6 . 7 * * 3 * . ? 4 . 0 ^ 7 > - I . 0 3 3 r>. 2 3 3 * 0 0 0 . . 2 9 2 3 0 . 2 9 2 3 • S . P . 2 O U T L E T 
osec*i 3 3 2 2 3 « - . 8 5 9 4 f . 3 « . t » 3 S 2 - 1 . C O O o.^a*7oo 3 . . 2 9 2 C C . 2 9 2 3 
0 5 3 C 5 1 0 0 2 « 5 S . 4 0 2 9 e > ^ * . 3 2 6 * - 1 . O f O O . * 3 * 0 3 0 6 . 9 C 3 0 6 . 9 0 0 3 
asocf.1 3 •> 2 2 3 2 . 1 5 * 1 6 3 » . « C 5 * - 1 - C 3 0 3 . 1 0 * 5 0 0 0 . 2 9 2 0 0 . 2 9 2 0 
OSOOTI »* c 2 2 3 2 . 2 2 7 1 6 3 * . 0 P 5 % - I . C O O 3 . 2 3 3 2 3 0 3 . . 2 9 2 0 0 . 2 9 2 0 • I N L E T MEAOR 
esson C 3 2 2 3 2 . » 0 8 C 5 6 2 . 7 9 9 6 - 1 . 0 3 0 3 . 5 9 1 * 0 0 «. . 1 0 3 0 * . I 0-5 0 • M F » F I R S T t>T 
0 S O C 1 I £ C 2 2 3 3 . 3 3 5 * * 0 6 . 7 « , s l - I 0 0 0 3 . 5 9 1 4 3 0 0 . . 9 T 0 O 0 . 9 0 0 0 • H * SECQWO =»T 
C S 3 I C 1 3 C 2 2 3 3 . 6 7 * 3 2 » 9 . S 6 6 9 - 1 0 0 0 0 . 5 9 1 * 0 0 2 . . 1 5 3 0 2 . 1 5 0 0 • M X T M I O O P T 
3 S 0 1 U a 0 2 2 1 3 . S » 8 6 2 2 3 . 9 9 5 * - 1 . 0 0 0 0 . S 6 3 7 0 O 0 . 2 9 2 0 0 . 2 9 2 0 • O U T MEADER 
0 5 0 1 2 1 e 3 2 2 1 3 . 3 7 1 6 f ) t . « K * C - 1 . 0 3 0 3 . « 9 5 9 0 0 • » s . 0 * 0 0 T . 0 * 3 0 • M » «»7P*SS 
P S O I 11 c c ? 2 1 * . ? « * 5 • S A P . 3 * ^ 6 - 1 . 0 3 0 0 . 2 9 5 6 0 0 «• aooo 4 . 5 0 C 0 
aso i * i 0 0 2 2 1 6 . 1 * 3 3 5 6 0 . 3 5 1 8 - 1 . 0 3 0 0 . « 0 1 0 O 0 0 . . 2 9 2 0 0 . 2 9 2 0 • M O R 2 TO PRtES 
0 5 3 1 5 1 3 c 2 2 1 3 . 2 0 9 0 5 * 3 . * 5 C 7 - 1 . 0 0 0 3 . 4 8 1 3 0 0 3 . . 2 9 2 0 0 . 2 9 2 0 
O S ' 1 6 1 C 3 2 8 5 8 . 5 7 8 6 5 * 7 . 3 5 * 2 - 1 . 0 0 0 O . * 9 0 5 0 0 «. . 2 0 0 0 « . 2 0 0 0 
0 S O 1 T 1 0 C 2 * 5 6 . 9 6 9 0 5 « > . 0 * 3 2 - 1 . 0 0 0 0 . 1 9 6 3 3 0 0 . 2 9 2 0 0 . 2 9 2 0 • M Y R A S S T F F 
esoiei a e 2 2 l « - . 9 9 C 2 S 2 6 . 2 6 3 7 - 1 . 0 3 0 3 . 2 6 6 5 3 0 1 . . 3 * 1 3 1 . 3 S P 0 • B T R A S S . MX 0 
0 5 0 1 9 1 0 c 2 3 5 2 . 8 0 * 9 - . • 6 . 9 5 1 1 - 1 . 0 0 O 3 . * 6 2 3 0 O 0< . 2 9 2 0 0 . 2 9 2 0 
0 5 9 2 0 1 ? n 2 3 * 1 . 9 3 0 8 5 * 6 . 9 * 2 1 - 1 . 0 0 0 0 . 3 7 3 5 0 0 2 . 3 3 3 3 2 . 3 3 3 0 • V E R T TO S » l I 
3 S 0 2 U 0 c 2 3 3 3 . 0 9 5 5 5 * 6 . 9 3 * 3 - 1 . 0 3 0 3 . 2 0 0 « 3 C 3 . . 2 9 2 0 0 . 2 9 2 0 • S . R . 1 I M L E T 
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C C. 0 6 6 * 1 3 0 9 2 * 
3 9 Q V 9 4 C. 1 3 5 6 * 1 0 9 9 1 9 
3 3 9 9 9 3 0 . - > 6 6 S 1 3 3 9 2 9 
' 3 0 ^ 3 C . C 6 6 * 1 0 3 9 3 6 
?3<»«193 C . 3 6 6 * 1 3 0 9*3 
C3«<:<>3 f . 3 6 6 * I 0 0 9 2 9 
3 9 « « 9 4 0 . C>668I00 9*4 
^ 9 9 9 9 4 ? . 3 6 6 * 1 3 0 9 2 3 
3 9 9 S 9 4 C. -366*1 0 3 9 2 * 
t 3 9 < * 9 3 C. 3 5 6 * 1 3 0 9 2 4 
0 3 1 9 9 3 C . 0 6 6 8 1 3 3 9 2 4 
C3<:99? C . 2 « > 2 e 3 0 3 »33 
C 3 9 V 9 3 C . 2 9 2 0 3 3 3 9 3 1 
T 3 9 C 9 3 C . H M 2 0 3 9 2 1 
0 3 9 9 9 3 C . 1 4 2 ^ 6 0 3 9 1 9 
r 3 9 9 9 3 C . 3 6 3 5 1 8 3 9> j 
0 3 « > 9 9 3 C. 0 6 3 5 1 SO 9 2 2 
C 3 9 9 9 3 C . 0 6 3 5 1 8 3 9 2 4 
0S<»«893 r . 3 6 3 5 1 8 0 9 2 8 
t>3«»903 C . 0 6 3 5 1 8 0 9 3 0 
0 3 9 9 9 3 0 . 0 5 8 C 6 3 4 9 3 2 
31 0 . 0 3 4 7 5 9 3 5 . 4 6 0 3 

3 . 0 6 9 5 ; • 9 3 6 . 1 6 0 8 
0 . 0 * 9 5 1 9 3 7 . ? 5 3 9 
0 . 0 6 9 5 1 9 3 8 . 2 3 2 

C. 3 1 3 5 0 0 3 9 2 5 
3 . 3 1 3 5 3 0 3 9 2 3 

C . 6 0 C C O 0 . 3 
C . 6 0 C 
C . 6 0 C 
C . 6 0 C 
C . 6 3 C 
C . 6 0 C 
t . 6 0 C 
C . 6 0 C 
C . 6 P C 
C . 6 C 0 
C . 6 0 C 
C . 6 P C 
C . 6 0 C 
C . 6 0 C 
C . 6 0 C 
C . 6 0 C 
C . 6 0 C 
C . 6 0 0 
t . e o c 
C . 6 0 C 
C.6CC 
c .eoc 
e . e o t 
C . 6 0 C 
C.6CC 
c .eor 

3 1 
3 1 
3 1 

0 0 
0 O 
e o 
0 O 
0 0 
0 O 
C 3 
C 2 
0 3 
C 3 

0 3 
0 O 
C 0 
C 0 

C 0 
0 0 
O 3 
0 O 
c o 
0 0 
0 O 

. 3 

. 3 
3 

,3 

3 
3 

0 
. 3 
. 3 
. 3 

3 
. 3 

0 
3 
3 

. 3 

0 
0 

. a 
o 

."»C459 

. 7 1 3 - 9 * 

. 5 5 3 7 1 , 

. ? i j ? 6 
8 5 3 7 c 

. 19<K»C 

. 5 4 9 8 0 

. 3 9 9 6 6 

. 3 5 3 0 3 

. 2 5 9 7 7 

. 3 6 3 * * 

. 2 9 9 3 2 

. 4 1 7 9 7 

. 4 1 9 6 8 
. 9 3 9 7 0 
. 9 3 9 7 3 
. 9 9 4 9 7 
. 3 9 < » 6 l 
. 9 3 9 7 3 
. y 9 < » 8 3 
. 3 9 9 6 1 
. 3 * 4 7 2 
. 2 9 9 3 2 
. 2 9 9 3 2 
. 1 3 * 6 5 
. 1 0 0 6 9 
. 2 9 9 3 2 
. 7 6 7 S 
. 7 6 5 31 

2 » 3 2 6 
5 5 2 4 9 
7 * 9 ? 9 
7 6 7 3 3 

. 7 6 5 3 8 
. 6 3 8 4 3 
. 2 6 1 4 7 
. 5 0 0 0 0 
. 9 4 9 7 1 
. 9 1 9 6 5 
. 9 9 4 8 7 
. 9 5 3 T & 

5 9 9 * 5 
1 * 2 5 5 

. 6 9 9 9 5 

. • M J 9 S P 

. 7 9 4 9 2 
. 0 8 2 7 6 
. 0 9 9 6 1 
,3<»«351 

2 C 4 6 
. 7 6 7 3 3 
. 7 6 9 2 9 
. 5 5 2 4 9 
. 2 ^ 3 2 6 
. 3 0 3 3 1 
. 7 5 6 3 6 
. 7 6 * 4 0 
. " ' 5 2 4 5 
. 9 * 7 2 7 

1 3 . * . 
1 0 . 0 . 
1 3 . 3 

1 0 . 0 . 5 
. 2 9 9 3 2 
. 7 0 9 7 2 

O 
3 
O 
O 
0 
0 
o 
o 
0 
o 
0 
o 
0 
o 
0 

0 
o 
o 
o 
o 
o 
o 
o 
o 

3 . 3 

s i c 
3 . 3 
3 . C 
0 . 3 

6.3 
0 . 3 
3 . 3 
3 . 3 
5 .3 
3 . 3 
3 . 3 

3 . 0 
3 . 3 
3 . 3 
3 . 3 
3 . 3 
3 . * 
3 . 3 
3.6 
3 . 3 

3 . 3 
3 . 0 
3 . 3 
3 . 0 
3 . 3 
3 . 0 
3 . C 
o.c 
3 . 0 
3 . 3 

9 0 . 3 3 0 0 3 
3 . 3 
3 . 3 
3 . 0 
3 . 3 
3 . 0 
3 . 3 
J . 3 
e.~ 
0 . 3 
o .c 
3 . 3 
S . O 
3 . C 
O.O 
0 . 3 
3 . 0 
3 . 3 
3 . 3 
3 . 3 

8 . - H E * 
* 3 . 5 
5 3 . 5 

0 . 5 
0." 

7 . S 3 * 
» . S 0 3 
^ . 5 3 3 
•».53-3 

3 . C 
• \ _ ** 

9 . 3 3 3 
7 . S 3 3 
7 . 5 3 3 
7 . 5 3 3 
' . 5 3 3 
3 . 3 
3."> 
O.C 
"< . 3 
» . 6 C 3 
• 3 . 8 17 
3 . 5 8 4 
I . 2 4 5 
3 . 6 2 3 
1 . 1 4 6 
" . 5 0 3 
1 . D O C 
1 . 3 C 3 
3 . P 
• 3 . 0 
° . 3 
3 . 3 
3 . 3 
">.0 

3 . 0 
•?»-3 
3 . 3 
c . r 
0 . « . J 9 
1 . 1 4 6 
" • . 6 2 3 
1 . 2 4 5 
3 . 5 8 4 
0 . * 1 7 
3 . 6 C 3 

sec covr 

"».530 
" • . 5 3 3 
» . 5 3 0 
7 . 5 1 0 
^ . 3 

0 . 3 
3 . 3 
3 . 3 

0 . 3 
3 . 3 
9 . * 33 
7 . 5 1 0 
7 . 5 3 0 
7 . 5 3 3 
» . 5 3 0 

3 . 3 

3 . 3 
. 2 . 3 
0 . 3 
3 . 3 
3 . 3 
3 . 3 
" 3 . 5 0 0 
1 . 3 3 3 
1 . 3 3 0 
3 . 3 
- . 3 
C O 
2 . 3 
T . 3 
3 . 3 
3 . 3 
C . 3 
3 . " 
3 . 3 
C . 3 
3 . 3 
C . 3 
3 . 3 
0 . 3 
0 . 3 
0 . 3 
3 . 2 
3 . 0 
3 . 3 

3QL V * L V 

3 . 3 3 . 2 
3 . 3 

http://OSOt.ll


C83?7? r 3 * C c.c c.c 3 c 3 . C * i 

3S32S2 c c » c c . c o.c c 3 1 . 3 ••*• ;»o?9.? 3 3 It £ 3 . c c.c C c l . C "* 0833C2 3 c 3 3 c.c c» c c -* 1 . 3 k. 

3 8 0 3 1 2 c c - C c . c c.c c 0 O . C ? 
0 8 0 3 2 2 3 0 •> r c . c c.c c 3 3 . C ^ 0 8 0 3 3 2 3 c 2 c c .c c c c 3 0 . 3 c 
0 8 0 3 * 2 • \ 0 2 r* c.c c .c ** 3 3 . 3 0 
3833S2 ~ ^ ^ " c.c c. c c o 3 . > ? 
3 8 3 3 * 2 3 c 2 t 3 . 3 c.c c o C 3 ; 3803 72 •3 c 2 c c .c c .c 0 0 3 . j ; 0 8 0 3.*.c 3 3 TS r* c.c c.eoc 0 0 C. 3 c 
0833O2 0 "» r 3 c • c c.*oc c 0 0 . 0 c 
3 8 0 * 3 2 • * 0 "* r c . c c.eoc c o 3 . 3 c 
0 8 3 * 1 2 o 0 3 7 c.c c . *cc c 0 *» —i c 
0 8 0 * 2 ? o 0 * C c .c c. w c 0 0 3 ^ 3 c 
0 8 0 * 3 2 0 0 3 c c . c c t o c V ^ 3 . 3 t 
3 * 3 * * ? 3 c 3 c r . c c . * c c c o 3 . 3 3 
0 8 0 * S 2 3 c i c o.c c.*">c c .-> 0 . 0 ^ 0 9 3 * * 2 c c • * c o.c c . *oc c 3 3 . 3 3 
0 8 0 * 7 2 3 0 3 c c .c c.eoc c 0 0 . 3 « 3 8 0 * 8 2 0 0 3 c o.c c . *oc c ••» 0 . 3 C 
3 8 3 * 9 ? 2 0 3 c c . c c . *cc 0 6 0 . 3 c 
0 * 3 5 0 2 c 0 3 c o.c C O c 0 3 . 0 s 
0835 12 0 3 3 c c .c c.c 0 3 3 . 3 c 
38CS22 ** c 3 £ c.c c .c c 0 1 . 0 c 
08C5 32 c 0 i o c . c c .c o £ 1 . 3 c 
0 8 0 S * 2 c 0 2 o c .c c .c c 0 3 . C 2 
3 8 0 5 * 2 c c j c c . c C O c 3 ". ** } 
0 8 0 5 * 2 c e 2 0 o.c c.c 0 0 3 . 3 c 
C80S72 0 5 2 ~* c .c C O c 0 0 . 3 c 
0 8 0 S 8 2 c 0 2 c c . c C O c 3 0 . 0 D 
08059? 3 •0 2 c c . t c c c A 0 . 3 0 
3 8 3 * C 2 c e C 3 C l . C 0 2 
a so* 12 o c c J C . l . C 3 3 
0 8 0 * 2 2 c c c 3 r . l . C C 3 
0 8 0 * 3 2 c c c 3 C . l . C C • 
0 8 0 * * 2 ;> s 3 »r O . C I .OCC 1 1 0 3 . 3 * 0 8 3 * 5 ? c «; 3 f»" C . C l .CCC 11 3 0 . 3 ? 

• MF-M€M C R I T I C A L r u n * MODEL D I » L S 

C8200 3 . 9 . P . P . 0 1 

• PUMP O A t * C»CBS 

I 3 S 8 C 
i . o ; 

0 9 0 0 1 1 3 3 C 3 
&90P12 C.3 3C • 
• PUMP CU»«E I SOU? INCICATCJR 

1 COS CO C C C C 

• PUMP CURVES 

6 * 0 . 1 Q 8 0 . 0 5 * 2 . 3 3 . 8 0 * » . i : 
!C C.OOC 0 . 3 3 

* 
1P3C11 1 1 «. C . C 1 . 1 3 5 7 C . 2 8 * T 1 . 1 ? S 3 C . S * 9 * 1 . 3 0 * « « v / t . l t . l 
103012 c . e s « i I . C « 2 7 1 . 3 1 . 0 • H f * J » / > 
103021 1 2 7 c 0 . 0 C . S 2 * 0 . I 1 3 S 0 . S * 2 3 . 1 7 5 3 • A S V . l T . l 
103C22 C . * 8 Q C 3 7 * a 0 . 7 0 2 * 0 . * 1 2 7 3 . 8 * 8 1 0 . 7 3 2 * • H € « J « /V 
1 0 3 0 2 3 1 . i . 
1C3C31 2 1 s C . C C * i 9 0 .2 i»S» 3 . 7C8 C . ^ ' l * 0 . , 3 2 » J * V / » . L t . l 
103C32 C . C S 7 1 ; . < s * * 1 . 0 1 . 3 • TOOvJ V / A 
10 JC*1 2 2 8 c . - 0 . 2 0 . 3 * 9 0 . 2 S C * 1 7 0 . 2 O 3 3 • • / V . l t . l 
1 0 3 0 * 2 3 . S 0 . 3 * 3 8 C . S 9 3 0 . * * 1 5 C . * 7 0 . S 2 9 • T0»3 AĴ V 
1 0 3 0 * 3 0 . 8 7 S C . 8 1 2 8 1 . 1 . • TC»0 A'V 
1030S1 1 3 3 - 1 . 0 2 . C - 0 . 3 1 . 1 ? 0 . C 1 . 1 3 S 7 
I 0 3 C 6 I 2 3 « - 1 . C 1 . 0 - 0 . 7 O . * 0 - . 3 3 . S 3. . 0 C S 9 

• LEAK 
• 
123103 

JUNCT ; ;ON C M O S : • LEAK 
• 
123103 2 2 i « . 7 C O . 6 2 1 0 . . * 
I 2 0 2 0 C 2 2 i * . 7 C O . * 2 1 ? . .« 
• K I N E T I C COKSTAK1S CAS»0 

1 * 0 0 0 ^ 0 O C 0 . 

• SCRAM m « f B CARD 

1 * 1 0 0 1 - « 2 O . 1 . 0 1 . 9 * 5 1 . 0 

• s t«a CARDS 

2 . 0 2 S 

IS00 11 0 2 9 1 C 0 2 2 O . C 8 . i 2 0 2 * 9 7 
1*10021 0 S I 8 c c 2 2 0 . 0 * . 0 9 0 1 * 9 9 
113031 0 3 C 9 c 0 2 2 o.c 4 . 7 3 * 8 0 9 7 
I S O 0 « l C S 2 * c c 2 2 0 . 0 S . « 1 3 * 9 9 8 
1SO0S1 c 3 1 7 0 0 2 2 0 . 0 1 f t . 2 4 0 4 9 3 8 
1 5 0 0 * 1 0 S 3 1 0 0 c 2 2 0 . 0 S . 4 1 3 4 9 9 8 
1S00 71 0 3 2 11 0 0 2 2 0 . 0 4 . 7 3 * 8 0 9 7 
1 S 0 0 8 I 0 S * 1 2 c 0 2 2 0 . 0 A. 0 9 0 1 899 
1*\0091 0 3 3 1 3 0 0 2 2 0 . 0 8 . 1 2 0 2 4 9 7 
1S0101 0 S S 1 3 c 0 2 2 0 . 0 3 . 7 2 1 7 7 9 8 

2 1 0 . 

0 . 0 7 1 3 8 9 9 7 O.O 
0 .0S3S4O0O 0 . 3 
0 . 3 * 1 * 4 0 0 0 0 . 0 
0 .O47S9O0O 0 . 0 
0 . l * 2 7 6«->9 0 . 0 
0 . O47S9O0O O.O 
0 . 0 * 1 * * 0 0 0 C O 
o.or>3s«ooo o.o 
0 . 0 7 1 3 8 9 ^ 7 0 . 0 
0 . 0 3 2 7 2 0 0 0 0 . 0 

0 . 0 3 7 * * 0 0 0 
0 . 0 3 7 * * 3 0 0 
0 . 0 3 7 * * 0 3 0 
0 . 0 3 7 * * 0 00 
0 . 0 3 7 * * 0 0 0 
P 0 3 7 * 6 0 0 0 
0 . 0 3 7 * * 0 0 0 
0 . 0 3 7 * * 0 00 
0 . 0 3 7 * * 0 0 0 
0 . 0 2 * 2 * 9 0 0 



12= 

153 1 I I 
i s ; i ? i 
1591 31 
ISO 1*1 
1 5 M 5 1 
152 161 
IS51"M 
1 5 3 1 9 1 
153?C1 
i s -> ;n 
IS ' *??* 
1532 31 

1 5 0 2 * 1 
is->2»-i 
153 2 71 
1 5 3 2 * 1 
1 5 ^ 9 1 
15.3301 
I V J H 
15. 0 3 2 1 
153 3 31 
150 3 * 1 
153 351 
1 5 3 3 6 1 
1 5 0 3 7 1 
153391 
IS33«»1 
1 5 0 * 0 1 
1*9C12 
1 5 0 0 2 2 
1S3C32 
1S0P*? 
1SOCS? 
1S30O2 
1 5 3 C 7 2 
1 5 3 0 8 2 
15309? 
153102 
1 5 3 1 1 2 
ISO I 2 2 
1 S 3 I 32 
I S ) 1 « > 
I W I M 
1 5.31 6> 
15,31 7? 
I S 3 I 8 » 
1S319 
1502 0. 
1 V > 2 U 
1S3222 
1 5 3 2 3 2 
1 5 0 2 * 2 
1 5 3 2 5 2 
1 5 3 2 6 2 
1*32 72 
1 5 0 2 8 2 
I S 0 2 9 2 
1 5 0 3 3 2 
ISO 3 1 2 
ISO 32? 
15-3 3 3 2 
1 5 3 3 * 2 
1 5 3 3 5 2 
1 5 0 3 6 2 
1 5 0 3 7 2 
1 5 3 3 « 2 
1 5 3 3 9 2 
1 5 0 * 3 2 

5 7 C 
3* t 
JS r 

i c 
< 3 * 
2* r 
? 5 
2 6 o 
• 8 * 
27 3 

C 28 
C 5 0 

2 9 ? 7 
5 1 * • 
3 3 « e 

3 
3 » 
» 
* 
2 
? 

5 2 
31 2 f t 
5 3 2 5 
3 2 2 5 

2 5 5 
5 
5 
5 
3 

1 * 
15 
I S 
1 5 

0 C 
c c 
c o 
C 0 
o c 
c c 
o c 
c c 
r -

5 * 
3 3 
5S 2 5 
5C * 9 
^r^ c 
36 C 

9 6 1 
9 6 -

1C 5 9 
3 . 0 
0 . 0 
3 . 9 
3 .Q 
0 . 0 
0 . 3 
3 . ^ 
5 . J 
C.C 
9 . 0 
o.o 
o.-. 
0 . 0 

0.-"> 
3 . 0 
0 . 3 
C O 
3 . D 
3 . 3 
0 . 3 
3.r> 
O.C 
3 . C 
3 . 3 
0 . 0 
3 . C 
0 . 0 
0 . 0 
0 . 0 
0 . 3 
C . C 
C O 
C O 
0 . 9 
0 . 0 
0 . 0 

C O 4 392 
C 0 « 3 9 2 
0 . 0 * 3 9 2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
? 
2 
2 
2 

• 3**-9»C0 
0 * 6 9 3 0 C 

. a * 6 9 3cr 
3«693r>r 

. 0 * 6 9 3 0 0 

. 3 4 6 9 3C0 
3 * 6 9 35 3 

. 3 * 6 9 3 0 3 
3 * * 9 3 0 3 
0 

. 3 

. 3 

. 3 

. 3 

. 3 

. 3 

. 3 

. 3 

. 3 
9 

. 3 
3 
0 
0 
3 
3 
3 

. 0 
. 3 

3 
0 
0 
3 
O 

. 0 
0 
0 

6 . 0 * 3 
6 . 0 * 3 
6 . 0 * 3 

3 . 5 7 7 1 5 C 3 
1 . 1 5 * 0 » 9 9 
2 . * 3 8 7693 
3.2C»999fc 
2 . 7 S 0 3 3 C 9 
2 . 7 S 3 0 3 C 0 
2 . 3 319 496 

I I . 5 0 1 9 2 9 1 
6 . 9 7 2 2 3 9 1 
6 . • 7 2 2 . 1 9 1 
3 . « 3 6 1 I 9 1 
1 . 5 5 2 * 9 9 3 
0 . 0 
o.r 
2.CC**>0CO 
1 .• i«.0'>300 
I . 1*66*-9% 
1 . 5 3 3 2 9 9 6 
fc.cfooocs 
1 . 3 3 3 2 ^ 9 6 
I . 1 6 6 6 6 9 9 
1 . 5 C 0 0 3 0 C 
2 .CC«03CO 
P . 9 1 6 6 7 0 0 
3 . 9 5 9 * 3 3 0 
0 . 9 732 7C0 

J * . 0 3 I 2 9 S 9 
2 3 C . 0 1 6 
? 3 C . 3 1 6 
2 3 C . d e 

C.C 
C.C 
o.e 
O.C 
Q . C 
O . C 
O.C 
0 . 0 
C.C 
0 . 0 
C.C 
O.C 
Q . C 
• . C O * 3 CO 
3 .0903CO 
3 .03O3C0 
2 . 5 * 9 9 9 9 
C O 
0 . 0 
C.C 
0 . 0 
C .C 
0 . 0 
O.C 
O.C 
0 . 0 
O.C 
0 . 0 
0 . 0 
O.C 
O.C 
0 . 0 
0 . 0 
0 . 0 
O.C 
C O 
O . C 
7 . C 6 7 O. 
7 . C 6 7 0 . 
7 . 0 6 7 0 . 

3 . 3 
3 . 3 
3 . 0 
3 . 3 
3 . 0 
C .3 
•3.3 
3 . 3 

3^3 
3 . 3 
0 . 9 32253C 
3 . 9 3 1 2 1 9 1 
2 . 9 7 5 0 3 3 0 
2 . 1 5 * 2 5 3 0 
1 . 6 7 7 3 7 9 2 
1 . 9 1 6 6 6 9 9 
5 . 7 S 3 3 0 3 0 
1 . 9 1 6 6 6 9 9 
1 . 6 * 7 0 7 9 2 
2 . 1 5 6 2 5 3 3 
2 . 9 7 5 0 C 3 0 
1 . 3 1 7 7 0 9 9 
1 . 3 7 7 6 9 9 9 
3 . 3 
3 . 0 
* l . 6 I 7 0. 
* 1 . 6 3 » O 
* 1 . 6 3 7 O 
3 . 3 
o.o 
3 . 0 
0 . 3 
3 . 3 
3 . 3 
O.C 
0 . 0 
3 . 3 
9 . 3 
3 . 3 
0 . 3 
0 . 3 
3 . 3 
0 . 3 
0 . 3 
0 . 3 
0 . 0 
0 . 3 
0 . 0 
0 . 3 
0 . 3 
3 . 0 
0 . 0 
0 . 0 
0 . 3 
0 . 0 
0 . 3 
3 . 0 
0 . 3 
0 . 0 
3 . 0 
0 . 0 
0 . 0 
0 . 3 
0 . 0 
0 . 0 

0 . 9 3 
0 . 8 9 
0 . 9 3 

0 . 0 5 3 5 8 0 0 0 
C . 1 0 7 1 2 9 9 9 
0 . 2 2 6 3 8 9 9 * 
0 . 1 5 2 3 9 9 9 9 
0 . 1 3 0 9 9 9 9 7 
0 . 1 3 0 9 9 9 9 7 
0 . 1 1 1 0 9 9 9 6 
1 . 0 6 9 0 * 7 ^ 2 

. 6 1 8 I 5 1 S 6 

. 6 V i l S I S 6 

. 3 1 9 9 9 1 * 1 
0 . S 2 2 2 S 3 9 9 
0 . 0 C 7 9 3000 
3 . 0 3 * 2 1 0 3 0 
0 . 1 7 7 0 7 9 9 9 
0 . 1 3 2 9 I 0 C C 
0 . 1 3 1 2 9 9 9 8 
0 . 1 1 8 3 5 9 9 9 
0 . 3 5 * 1 6 9 9 6 
0 . 1 1 9 0 5 9 9 9 
0 . 1 0 1 2 9 9 9 8 
3 . 1329100C 
O. I 7 * 0 7 9 9 8 
0 . 0 9 1 1 5 9 9 5 
0 . 3 9 * 9 5 9 9 7 
1 . 9 * 9 2 7 9 9 5 
S . 5 3 2 3 C 3 9 0 

. 1 * 5 3 1 O 

. l * S 3 l O 

. 1 * 5 3 1 O 
0 . 0 O 
O.O O 
0 . 3 0 
0 . 0 O 
0 . 0 0 
3 . 0 C 
O.O O 
0 . 0 O 
O.O 0 
o.e o 
0 . 0 O 
0 . 0 O 
0 . 0 O 
C O O 
O.O O 
0 . 0 0 
0 . 0 0 
c.o e 
0 . 0 3 
0 . 0 O 
C.O 0 
0 . 0 O 
0 . 0 0 
0 . 0 0 
O.O O 
O.O I 
1 . 1 2 5 0 0 0 1 
2 . O 0 0 3 0 0 2 
O.O O 
0 . 0 O 
1 . 0 0 0 9 0 0 1 
1 . 9 7 5 0 00 2 
3 . 0 0 0 0 0 3 « 
• . 2 9 9 9 9 9 5 
0 . 0 0 
0 . 0 0 
0 . 0 O 

0 . 3 
3 . 0 
3 . 3 
0 . 0 
3 . 0 
9 . 3 
0 . 3 
9 . 9 
3 . 9 
0 . 9 
0 . 3 
0 . 0 
9 . 0 
3 . 3 
3 . 3 3 » 6 6 0 C P 
0 . 3 3 7 6 6 0 9 C 
0 . 3 3>660PC 
C . 3 3>660C3 
3 . 3 3 7 6 6 0 9 0 
0 . 3 3 7 6 6 C O C 
0 . 3 3 7 6 6 0 0 0 
3 . 3 3 > 6 6 0 0 0 
0 . 0 37660QO 
3 . 3 37660C0 
3 . 0 3 7 6 6 0 0 0 
0 . 3 
0 . 3 
0 * 3 9 2 
0 * * 9 2 
0 * 3 9 2 

O 
Q 

. 0 
O 

. 0 

. 0 
0 

. 0 
3 
»\ 
3 
0 
3 
0 

. 0 

3 . ? 
9 . 0 
3 . 3 
3 . 0 
3 . 0 
0 . 0 
0 . 0 
3 . 0 
9 . 0 
o.o 
9 . 3 
0 . 0 
0 . 0 
3 . 0 3 7 6 6 0 30 
9 . 1 » 9 1 2 8 9 « 
3 . 1 7 9 1 2 9 9 * 
0 . 1 7 9 1 2 9 9 * 
9 . 1 7 9 1 2 9 9 * 
3 . IT1J1299* 
3 . 1 7 9 1 2 8 9 * 
3 . 1 7 9 1 2 9 9 * 
3 . 1 7 9 1 2 8 9 * 
3 . 1 7 9 1 2 9 9 * 
3 . 1 7 Q 1 2 9 9 * 
3 . 1 7 9 1 2 8 9 * 
3 . 0 
1 . 5 

O. 
0 . 
o. 

0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 3 
. 0 
. 0 
. 1 2 * 0 0 9 
. 9 9 9 0 0 0 
. 9 9 9 0 0 O 
. 0 
. 9 9 9 0 0 0 
. 9 7 * 0 0 0 

9 9 9 0 0 0 
. « 9 4 0 0 3 

OOC0O3 
. 0 

0 
0 

• CQ«C C«OOS 

1600 10 
1600 20 
1600 30 
1 6 0 0 * 0 
1600 SO 
1 6 0 0 6 9 
1 6 0 0 7 0 
1 6 0 0 9 0 
160O90 

1 
2 
3 « 
5 
6 
7 
8 
9 

3 . 0 
3 . 0 
0 . 0 1 2 1 3 

1 2 1 3 0 . 0 
1 2 1 3 3 . 0 
1 2 1 3 0 . 0 
1 2 1 3 3 . 0 

8 9 
8 9 

0 . 0 
3 . 0 

• S L * S GEOMETRY CARDS 

1 7 0 1 0 1 2 6 
1 7 0 1 0 2 C 
1 7 0 1 0 3 C 
1 7 0 1 0 * 0 
1 7 0 1 0 5 O 6 I 
1 7 0 1 0 6 0 2 5 
1 7 0 2 0 1 2 3 2 
1 7 0 2 0 2 0 2 * 

0 . 0 5 * 0 3 5 0 
0 . 0 5 7 0 0 3 0 
0 . 0 7 6 7 9 3 0 
0 . 1 C 8 9 5 * 0 
C . « 1 3 5 3 9 9 
0 . 1 0 * 1 9 7 0 0 . 0 
0 . C 7 5 7 0 7 0 0 . 0 
0 . 0 5 5 7 3 8 0 
0 . 0 5 * 0 3 3 0 

0 . 3 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

1 . 6 6 6 7 6 - 6 0 . 
3 . 3 3 3 C - 3 O . 
* . 3 6 * 5 8 . 0 2 7 7 7 0 . 
. 0 2 7 7 7 0 . 

7 . * 6 T £ - 0 3 0 . 
1 . 7 8 3 E - 3 3 0 . « 0 2 2 8 3 
9 . 1 7 0 E - 0 * 0 . 5 9 7 7 1 7 
« . 1 6 7 E - 0 3 O. 

http://3C.de


17D20J ^ :> « . T 2 7 7 7 0 . 
170 331 2 3 2 » . 3 * 3 7 5 . ? 2 7 T * ^ 170302 3 ? « .C27r«« C . 
1 7 3 3 3 3 3 2 « . C 2 7 7 * C . 
1 7 3 * C I 2 2 2 3 . 1 * 5 9 . ? l * 6 C 3 . 
l > 3 * 0 2 ? ? 1 . C 2 « 3 . 
1 7 3 5 0 1 1 3 ? * C . . 3 2 * 3 C 6 C. 
170502 3 2 « . C 2 « 3 0 6 0 . 
170SC3 - 2 * • C 2 * 3 1 6 3 . 
17O601 2 6 3 2 C . * . " > 2 S F - 0 J ^. 17O602 r* 1 2 l . * « 2 E - 3 J i . : 170603 c * 3 « . 1 6 7 £ - 3 3 0 . 
171»6C* 0 2 « 2 . * 9 9 7 5 E - 3 C . 
1 7 3 6 0 5 3 *- i * . l * * 2 E - f c 3 . 
1 7 3 6 0 6 3 .? 3 8 . 3 J 2 S E - * 3 . 
170701 ~ 2 ~ # • 3 ? C . S . C 6 7 F - 3 3 3 . 
1707C2 c 1 2 1 .1 3 3 F - 3 3 1 . 
1 7 0 7 0 3 c * 3 • . 1 6 7 E - 3 3 3 . 
1 7 3 7 0 * -̂ < « ; . « 9 9 > ^ t - 3 3 . 
173705 3 ft I 7 . C 3 * 2 E - 6 C. 
173 70% ? r 2 8 . 3 3 2 5 F - * 3 . 
1 7 3 * 0 1 2 6 3 2 C . 7 . 9 2 5 E - 3 3 *S 

173832 e 1 1 1 . 7 8 3 E - 3 3 C . 5 7 3 - ' 5 * 
1 7 0 8 0 3 c 5 I • . 5 8 0 E - 3 * 3 . « 2 6 2 * 6 
1 7 3 8 3 * r * 3 • • 1 6 7 E - 0 3 3 . 
I 7 O 6 0 S c ». 1 1 . 6 6 6 7 E - 6 0 . 
1 7 3 8 0 6 C 2 5 3 . 3 3 3 F - 3 C . 
17^»1C1 2 6 3 2 C . e.«cer-c3 3 . 
17 0? 0 1 2 1 . 7 5 K - 3 3 1 . 3 
173903 C * 3 * . l f c 7 € - 0 3 3 . 
1 7 0 9 0 * » 2 • 2 . * 9 9 7 S E - 3 C . 
1 7 0 9 0 5 0 6 1 3 . 3 1 T S E - 6 C . 
1 7 0 9 0 * C 2 2 C 3 3 2 5 E - * 0 . 
1 7 1 0 0 1 2 6 3 2 0 . 8 . 7 2 5 E - 0 3 3 . 
17100? C 1 2 l . « * 2 E - 0 J 1 . 3 
1710C3 0 * 3 * . 1 6 7 € - 0 1 0 . 
I 7 1 C 0 * 3 2 « 2 . * 9 9 7 5 E - 3 0 . 
1 7 1 0 0 5 5 6 1 6 . 1 C 6 7 E - 6 3 . 
171C06 C 2 2 8 . 3 3 2 5 E - * 0 . 
171131 2 6 3 2 C . e . * o « - 0 3 3 . 
171102 3 1 2 1 . 7 5 8 E - 3 3 1 . 3 
1 7 1 1 0 3 0 * 3 • . 1 6 7 E - 3 3 3 . 
1 7 1 1 0 * 3 ? « 2 . * 9 9 7 5 E - 3 * . 
1 7 1 1 0 5 0 6 1 5 . 3 0 4 2 E - 6 C . 
1 7 1 1 C * 0 2 2 C 3 3 2 5 E - * 0 . 
1 7 1 2 0 1 2 * 3 2 C . 7 . 9 2 5 E - 3 3 3 . 
171202 ^ 1 1 l . > S 3 E - 0 3 0 . 5 7 3 7 S * 
171203 0 5 1 • . 5 8 0 E - 0 * 0 . « 2 6 2 « 6 
1 7 1 2 0 * c • 3 * . l 6 7 € - 0 3 3 . 
1 7 1 2 0 5 3 6 1 « . l * 0 8 E - 6 C . 
I 7 | 2 0 f c 3 2 5 3 . 3 3 3 F - 3 C . 
171301 2 6 3 2 C . 7 . * 6 7 E - 0 3 3 . 
1 7 J 3 0 2 ? 1 1 1 . > 8 3 E - 0 1 3 . * 0 2 2 8 3 
17130? c 5 I 9 . 1 7 « - 3 * 0 . 5 9 7 7 1 7 
1 71 3 0 * r * 3 « . 1 6 7 € - 0 3 3 . 
1 7 1 3 0 5 3 6 1 3 . 1 0 0 F - 6 0 . 
1 7 1 3 0 4 3 2 c 3 . 3 3 J F - 3 0 . 
1 7 1 * 0 1 2 3 2 * . * 3 7 S . 0 3 1 2 ! 0 . 
1 7 1 * 0 2 C 2 « . 0 3 1 2 5 C . 
1 7 1 * 0 3 0 2 « . 0 3 1 2 5 0 . 
171%01 2 1 2 « C . 0 2 1 9 6 C . 0 0 * C 8 3 3 * 
• WO.«J"ETOfC MFAT C * P « C l T t B T U / F - F T * * 3 MATERIAL 1 - IMCQNMei 

190101 2 0 0 . 5 1 . « 1 2 0 3 . 5 » . * 3 * 3 0 3 . 5 9 . S 2 7 • tNCONNEL 
19O102 « 3 C . 6 1 . 1 6 7 5 0 0 . 6 2 . * 7 6 60 0 . 6 3 . S 7 2 • INCONNCL 
1 9 0 1 0 3 7 0 0 . 6 * . 5 7» M O . 6 5 . 6 1 2 9 3 0 . 6 6 . » 9 5 • IMCQNNEL 
1 9 3 1 0 * 1 0 0 0 . 6 8 . 2 * 7 1 1 0 3 . 7 0 . 3 8 8 1 2 3 0 . 7 2 . » 3 9 • INCONNEl 
I 9 O I 0 5 1 3 0 C . 7 S . * 2 0 l * O 0 . 7 9 . 1 5 0 1 SO •? . 8 J . 750 • tNCONNEL 
1 9 0 1 0 6 : 6 0 0 . 8 9 . 3 * 1 1 7 0 3 . 9 6 . 0 * 2 1 8 0 3 . 1 3 3 . 9 7 3 « IWCONNEA-
1 9 O I 0 7 1 9 0 C . 1 1 3 . 2 5 5 2 0 0 3 . 1 2 * . 0 0 8 • 1NC0NN6L 

* f H E » > U CONDUCTIVITY B t U / T ' - M O - f W* TEC) 1*4. 1 - 1NCOHNEL 

180101 2 0 0 . 8 . A 2 9 4 20 3 . 9 . 0 9 8 3 3 0 . 9 « * 9 5 «9|»*COWNE»-
I S 0 1 0 2 • C O . 9 . 9 3 0 5 0 3 . 1 3 . 3 9 8 6 0 0 . 1 0 . 8 9 6 • 1NCONMSL 
180103 7 0 0 . l l . « 2 0 W 3 . 1 1 . 9 6 7 9 0 0 . 1 2 . 5 3 2 • lHCONNFl. 
1 8 0 1 3 * 1 0 0 3 . 1 3 . 1 1 3 1 1 0 0 . I 3 . 7 T * 1 2 0 3 . 1 « . 3 0 3 • I NCOSNEl_ 
ISO105 1 3 0 0 . ! « . . 9 C * 1 4 0 0 . 1 5 . 5 0 9 1 5 0 0 . 1 6 . 1 0 9 • IMCONNEl 
1 8 0 1 0 6 1 6 3 0 . 1 6 . 7 C 1 1 7 0 0 . 1 7 . 2 8 2 1 8 0 0 . 1 7 , 8 * 9 • INCONNFA. 
I 8 O I 0 7 
• 
• L I * 
• 

1 9 0 " . 1 8 . 3 S 7 2 0 0 0 . 1 8 . 9 2 2 « 1NCOXNEL I 8 O I 0 7 
• 
• L I * 
• 

iF **» f I P » N M 0 1 COEFFICIENT t ^ T * A f r o t « t _ | . - INCONNEl 

* 
• VOLl»»€T»tC M f * T CAPACITY 

B T U , / * - F T « » 3 <urcRin 2 - 31 6 SS 

I 9 O 2 0 I 2C c. 5 i . ee 2 0 3 . 5 6 . 9 2 3 3 0 0 . 5 9 . 0 2 0 • 3 1 6 - S T S T 
199202 « 0 0 . 6 0 . 8 * 6 5 0 0 . 6 2 . * * 7 6 0 0 . 6 3 . 8 6 5 • 316 -STST 
19O20 3 7 0 0 . 6 5 . 1 * 1 eoo. 6 6 . 3 0 8 9 0 0 . 6 7 . « 0 0 • 3 1 6 - S T S T 
1 9 0 2 0 * 1 0 0 0 . 6 f t . « « « 1 1 0 0 . 6 9 . * 6 3 1 2 0 0 . 7 0 . « 8 0 • 3 1 6 - S T S T 
1 9 0 2 0 5 1 3 0 C . 7 1 . S C 8 1 * 0 3 . 7 2 . 5 6 3 1 5 0 0 . 7 j . f t 5 2 • 3 1 6 - S T S T 
1 9 0 2 0 6 1 6 0 0 . 7 « . » « 1 7 0 0 . 7 5 . 9 5 2 1 8 0 0 . 7 7 . 1 6 2 • 3 1 6 - S T S T 
1 9 * 2 0 7 
• 

1 9 0 0 . 7 8 . * 0 6 2 0 0 3 . 7 9 . 6 7 2 • 316 -STST 

http://5i.ee


:2S 

T M f J M A L C f X C V X T I V I T Y p ' n j / T T - M O - F N A T E O I A L 2 - 3 1 6 SS 

1 S 3 2 0 1 
1 8 5 2 C 2 
1 8 3 2 0 3 
1 * 3 2 C A 
1 * 3 2 0 5 
H 0 2 0 6 

2 C *oc. 
7 C 0 . 

i c > ? . 
1 3 0 C . 
i r - O C . 
1 < » 3 0 . 

7 . 
9 . 

I C . 
I > 

I A * 
« * " 
7 1 8 

1 3 . e i» 
i * . « c * 
i s . 9 * % 

2 0 0 . 
SO i } . 
¥ 0 3 . 

m a s . 
1 A 0 0 . 
I 7 3 3 . 
2 C 0 0 . 

L l V F » B E X P A N S I O N C O E F F I C I E N T 

4 . 2 2 S 
9 . 5 8 6 

1 0 . 8 7 ? 
1 2 . 1 * 5 
1 J . A f ' 7 
1 * . 9 C 3 
1 6 . 5 0 > 

M A T E R I A L 2 

3 0 0 . 9 . 6 9 1 tt 3 1 6 - S T S T 
6 0 0 . 1 3 . 0 2 © • 3 1 6 - S T S T 
9 0 0 . t 1 . 2 9 * • 3 1 6 - S T S T 

1 2 0 2 . I 2 . S 7 7 • 3 1 6 - S T S T 
» 5 0 C . 1 3 . 9 2 9 * 3 1 * > - S T S T 
1 ) 0 0 . 1 S . A I A « 3 1 6 - S T S T 

* 3 1 6 - S T S T 

3 1 6 S S 

V O L U « E T f t l C HEAT C A P A C I T Y B T \ J / F ' - F T » « 3 M A T E R I A L 3 <*GQ 

1 9 3 3 C I 2 C 0 . A T . S S I 5 2 0 0 . 5 2 . 2 1 5 6 3 0 0 . 5 * . 2 3 8 * A 0 0 . 5 5 . 9 * 6 « S C O . 5 ' . * 9 * * 
1 9 3 3 3 2 6 C : . 5 « . 8 5 1 ? 7 0 0 . 6 C . C 3 8 * WCO. 6 1 . 3 3 * 8 <J0O. 6 1 . 9 3 * 0 1 0 0 0 . S 2 . o * * C 
1 9 3 3 3 3 1 1 D 0 . 6 3 . 2 6 C 1 H S C . 6 3 . 5 3 6 * 1 2 0 0 . 6 3 . 7 9 0 % 1 2 5 C . 6 * . 0 2 * ? 1 3 0 0 . 6 * . 2 3 6 0 
1 9 0 3 3 * 1 * 3 0 . ft*.596* 1 5 0 0 . 6 * . 9 1 * * 1 6 0 0 . S S . 1 9 3 C 1 7 0 0 . 6 S . « « * « 1 9 0 0 . 6 5 . 9 7 7 6 

• THERMAL C O N D U C T I V I T Y B T U / F T - M * » - F M A T E R I A L 3 - NGO • 
1 8 3 3 C 1 2 0 ? . ? . * * 3 S 2 0 C . 6 . * 8 0 5 3 0 0 . 5 . 7 0 * 9 « « ' . 5 . 3 * * 3 S O O . 
1 8 0 3 C 2 * ? 0 . A . C 3 2 6 7 0 C . 3 . 6 5 2 3 S O O . 3 . 3 * 2 3 9 3 0 . 3 . 3 9 3 0 
1 8 0 3 0 3 1 " 0 0 « 2 . 8 9 5 9 l l « . ? . 7 * 3 1 1 2 0 0 . 2 . 6 2 8 1 1 3 0 0 . 2 . S A S 0 
H 1 3 C * I A C C . ? . « S S » 1 S C O . 2 . * S S S 1 6 0 0 . 2 . * * 2 8 1 7 0 C . 2 . * * 2 8 
I 8 3 3 0 S 1 8 ? C . ? . « « 2 4 1 9 0 0 . 2 . * * ? 8 2 0 0 0 . Z~*»^* 

* . * 9 3 » 

L I N H 8 E X P A N S I O N C O E F F I C I E N T l / F MATERIAL 3 I G O 

• V O L v J » E T S l C ME»T C A P A C I T Y B T U . / F - F T«% I M A T E R I A L A - UN 

1 9 3 « C I 2 C C . r C . o S 2 C ? . 2 9 . 9 9 6 
1 9 0 * 3 ? A O C . 3 * . ? C S S O O . 3 9 . 1 7 8 
I 9 0 A 0 3 7 0 C . A * . 0 7 8 8 0 0 . A 6 . 1 I 2 
1 9 0 * 3 * 1 0 C O . « 9 . « C « I 1 0 0 . S 3 . 8 3 * 
I 9 0 * - » 5 I 3 0 C . S 3 . " 6 7 1 * 0 0 . S 3 . 9 8 0 
1 9 0 A C * . 1 6 0 C . S 5 . S 1 7 1 7 0 0 . S 6 . 1 8 8 
1 9 3 * 0 7 I 9 C C . S 7 . « 5 3 2 0 0 3 . 5 8 . 3 9 * • 

3 0 0 . 3 3 . 0 . 2 
6 0 0 . A l . T - S 
9 0 " . A 7 . 9 0 0 

1 2 0 0 . 5 2 . 0 2 * 
iso*?. 5 A . 7 8 9 
1 8 0 0 . S t . 1 2 6 

3 N 
8 M 
BN 
S N 
ON 
9 N 

T N E » » A L C O N D U C T I V I T Y n T U / F T - H f » - F M A T E R I A L A - «*N 

1 8 3 * 0 1 
1 S 0 A 0 2 
1 8 0 A O 3 
1A3AOA 
I S O A O S 

c. 
7 0 0 . 
9 0 C . 
1 1 0 0 . 
1 A 0 O . 

2 1 . C 9 6 2 
I S . H H ? 
1 * . ? * « 3 
1 2 . 9 9 A A 
1 1 . 3 8 * * 

3 C 0 . 
7 5 0 . 
9 * 0 . 
1 I S O . 
I S O O . 

1 8 . 6 * 9 0 
I S . 2 6 S * 
1 3 . 9 2 1 2 
1 2 . 7 0 2 S 
1 0 . 9 2 8 7 

SOO. 
800. 
1000. 
1200. 
1730. 

1 7 . 0 9 2 7 
1 A . 9 1 8 6 
1 3 . 6 0 * 0 
1 2 . 9 1 9 6 
1 3 . 1 S 3 1 

6 0 0 . 
8 S 0 . 
1 0 S 0 . 
1 3 0 0 . 
2 0 C 3 . 

1 6 . 3 * * 2 
1 A . S 7 8 8 
1 3 . 2 9 S O 
1 1 . 8 8 2 1 
9 . 3 6 SO 

l I N F A B E X P A N S I O N C O E F F I C I E N T l / F M A T E R I A L A - BN 

V O L U M E T R I C MEAT C A P A C I T Y B T U / F - F T * * 3 M A T E R I A L 5 - 7 C C U 3 3 N I 

I 9 0 S 0 1 2 0 0 . 5 2 . 5 5 
1 9 0 5 0 2 « 0 C . S 8 . C 3 2 
1 9 0 S C 3 7 0 0 . 6 1 . 3 5 8 
1 9 0 S O * 1 C 0 C . 6 A . ft 7 2 
1 9 0 S O S 1 3 0 0 . 6 8 . 5 6 7 
1 9 0 S O * 1 6 0 0 . 7 3 . 6 A I 
1 9 0 S 0 7 1 9 0 C . 8 0 . * e 9 

• THERMAL C O N O U C T I V I T Y P T U . 

1 8 3 S O I 2 0 c. 1 6 . 8 C 2 
1 8 0 5 0 2 A 0 0 . 2 0 . 9 6 0 
1 8 0 S C 3 T O O . 2 7 . 2 6 1 
1 8 3 S O * 1 0 0 0 . 3 7 . 1 7 * 
1 8 0 5 0 5 1 3 0 0 . 5 6 . 7 7 * 
I 8 0 S O 6 1 6 C 0 . 9 7 . C I O 
1 8 0 5 0 7 
« 
• 

1 9 0 0 . 1 7 3 . 7 0 * 

2 0 0 . 
5 0 0 . 
8 0 0 . 

1 1 0 0 . 
1 * 0 0 . 
1 7 0 0 . 
2 0 0 3 . 

2 0 0 . 
SOO. 
8 0 0 . 

1 1 0 0 . 
1 * 0 0 . 
1 7 0 3 . 
2 0 0 3 . 

5 5 . 5 1 2 
5 9 . 1 7 9 
6 2 . A 3 5 
6 5 . 8 7 6 
7 0 . 0 9 9 
7 5 . 6 9 7 
8 3 . 2 6 9 

M A T E R I A L 5 

1 7 . 9 7 2 
2 2 . 8 3 3 
2 9 . 9 6 * 
A 2 . 1 9 0 
6 7 . 2 1 2 

1 1 7 . 6 0 2 
2 1 3 . 8 0 7 

300. 
610. 
900. 

1200. 
I5O0. 
1800. 

7 0 C U 3 0 N I 

3 3 0 . 
6 0 Q . 
9 0 0 . 

1 2 0 0 . 
1 5 O 0 . 
1 8 0 0 . 

5 6 . 8 1 7 
6 0 . 2 8 0 
6 3 . 5 1 2 
6 7 . 1 6 7 
7 1 . 7 8 2 
7 7 . 9 7 3 

1 9 . 3 1 * 
2 * . 9 1 9 
3 3 . 1 9 3 
A 8 . S 8 9 
S 3 . * 2 9 

1 * 2 . 9 1 1 

7 O C U 3 0 N I 
7 0 C U 3 Q N I 
7 0 0 ) 3 0 M l 
7 0 O J 3 0 N I 
7 0 C U 3 3 N I 
7 0 C U 3 3 N I 
7 3 C V I 3 0 N I 

7 0 C U 3 0 N I 
7 0 0 J 3 0 N I 
7 0 C U 3 0 N 1 
7 0 C U 3 0 N I 
7 0 C U 3 0 N I 
7 0 C U 3 0 N I 
7 0 C V I 3 3 N I 

L . I N F A R E X P A N S I O N C O E F F I C I E N T \/T N A T E R I A L 5 - 7 0 C U 3 0 N t 

V 3 L U M F T R I C N E A T C A P A C I T Y B T U / * - F T « * 3 M A T E R I A L 6 - A I R I N SAO 

1 9 0 6 0 1 2 0 2 5 . . 0 1 9 7 3 
1 9 0 6 0 2 3 0 0 . . 0 1 2 5 8 
1 9 0 6 0 3 7 0 0 . . C 0 8 2 * 
1 9 0 6 0 * I 1 C C . . 0 0 6 1 ? 
1 9 0 6 0 * 1 5 0 0 . . 0 0 * 8 7 

6 8 . . 0 1 8 1 2 
* 0 t . . C l l l l 
8 0 C . . 0 0 7 5 8 

1 2 0 0 . . 0 0 S 7 S 
1 6 3 0 . . 0 0 * 6 3 

THERMAL C O N D U C T I V I T Y B T U / F T - H P - F • 
I 8 0 6 O I 2 0 2 5 . . 0 1 3 5 * 
1 8 0 * 0 2 3 0 0 . . 0 1 9 * 8 
1 8 0 6 0 3 7 0 C . . 0 2 8 1 2 
I 8 0 6 0 * H O C . . 9 3 6 7 6 
1 8 0 6 O S I 5 C C . . 0 * 5 * 0 

6 8 . . 0 1 * * 6 8 8 
A O C . . Q 2 1 6 A 
8 0 C . . 0 3 0 2 8 

1 1 0 C . . 0 3 8 9 2 
1 - > 0 C . . 0 * 7 5 6 

1 0 0 . . 0 1 7 0 8 
5 0 0 . . 0 0 9 9 5 
9 0 0 . . 0 0 7 0 2 

1 3 0 0 . . 0 0 5 * 3 
1 7 0 0 . . 0 0 * * 2 

N A T E R I A L 6 

1 0 0 . . 0 1 5 1 6 
S * < » . . 0 2 3 8 0 
9 0 0 . . 0 3 2 * * 

1 3 3 3 . . 0 * 1 0 8 
, ^ 0 0 . . 0 * 9 7 2 

2 O 0 . . 0 1 * * 9 
6 O 0 . . 0 0 9 0 1 

1 0 0 0 . . 0 0 6 5 * 
1 * 0 3 . . 0 0 5 1 3 
2 0 0 0 . . 0 0 3 8 8 

A I R I N G A P 

2 0 0 . . 3 1 7 3 2 
6 0 0 . . 0 2 5 9 6 

I0OO. . 0 3 * 6 0 
1 * 0 0 . . 0 * 3 2 * 
2 0 0 0 . . 0 5 6 2 0 



LINEAR EXPANSION C O C F F I C I ^ h r 1 fT *AT£OlAJ. t> - A I 4 I N GA; 

MEAt ExCHAtaGFR CARDS 

2 1 3 1 C I ? • IB C.C ' . 18TJ 2 1 0 . 0 3 0 . J S 7 1 


