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ABSTRACT

Results of posttest analysis of LOFT loss-of-coolant experiment
L1-4 with the RELAP4 code are presented. This analysis was based on
parametric studies which have been performed in an attempt to better
understand the physical phenomenon and to evaluate alternate modeling
techniques. The results are compared with the pretest prediction and
the test data. Differences between the 'RELAP4 model wused for this
analysis and that wused for the pretest prediction are in the areas of
initial conditions, nodalization, emergency core cooling system , brpkén
loop hot leg, and steam generator secondary. In general, these changes
made only minor improvement in the comparison of the analytical results
to the data.. Also presented are the results of a limited study of LOFT
downcomer modeling which compared the performance of the conventional
single downcomer model with that of the new split downcomer model. This
study showed that the split downcomer model provided a much more
realistic calculation of the overall behavior of the LOFT downcomer than
did the single downcomer model. Finally, a RELAP4 sensitivity
calculation with artificially elevated emergency core coolant
temperature was performed to highlight the need for an ECC mixing model
in RELAP4.
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.POSTTEST RELAP4 ANALYSIS OF LOFT EXPERIMENT L1-4
1.0 INTRODUCTION

A posttest RELAP4 analysis was completed for nonnuclear loss-of-
coolant experiment (LOCE) L1-4. LOCE L1-4 was the fourth in a series of
five nonnuclear LOCEs planned for performance in the Loss-of-F]uid Test
(LOFT) Facility at the Idaho National Engineering Laboratory (INEL).
The LOFT Experimental Program 1is part of the Water Reactor Safety
Research Program sponsored by the Nuclear Regulatory Commission and is
administered by the Department of Energy. The objectives of the LOFT
Experimental Program are:

(1) To provide data required to evaluate the adequacy and improve
the analytical methods currently used to predict the loss-of-
coolant accident (LOCA) response of large pressurized water
reactors  (LPWRs). The performance of engineered safety
features (ESF) with particular emphasis on emergency core
cooling systems (ECCS) and the quantitative margins of safety
inherent in the performance of ESF is of primary interest.

(2) To identify and investigate any unexpected event(s) or

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

~and develop analytical techniques that adéquate]y describe and
account for such unexpected behavior.



In order to meet these objectives; the LOFT Integral Test
Faci]ity[a] has been designed to simulate the major components of a
LPWR, and several serjes of experiments have been planned to produce
data on the combined thermal, hydraulic,- nuclear, and structural
processes expected to occur during a LOCA.

The Tfirsl LOFI test series (designated L1) is a nonnuclear test
" series which consists of five isothermal blowdown tests. This test
series has heen designed to make available 1large scale isothermal
blowdown system data as a first phase of the LOFT Experimental Program.
Varied parameters include break size, break location, break opening
time, primary coolant system (PCS) flow resistance, emergency core
coolant  (ECC) injection 1location, and PCS pressure. Experimehts
completed prior to LOCE L1-4 consist of LOCEs L1-1L13, 11-2021 7-303]
and L]43A[4] (a repeat of LOCE L1-3). For these experiments. an unheated
core hydraulic simulator was installed to provide a flow resistance in
the reactor vessel the same as expected from the nuclear core. A
detailed deétription-of the LOFT Facility-and the L1 test series can be
found in Reference 5.

LOCE L1-4 was conducted from dinitial conditions of 279°C and
15.65 MPa (gauge pressure) and simulated a 200% (100% of the break area
in each 1leg) double-ended offset shear in- the cold leg of a four-loop
LPWR. ECC was injected into the intact loop cold- leg from the high-
pressure injection system (HPIS), low-pressure injection system (LPIS),
and accumulator. The experimental parameters for LOCE L174 were as
specified 1in Reference 6, with minor exceptions. The specitic purposes

for performing the experiment were: to: |

[a]l The term "integral" is used to describe an experiment combining the
nuclear, thermal, hydraulic, and structural processes occurring
during a LOCA and differentiates it from the separate effects,
nonnuclear, small scale, thermal-hydraulic experiments conducted.
for loss-of-coolant analysis.



(1) Provide comparison of the delayed HPIS and LPIS injection to
the cold leg and the lower plenum

(2) Provide data reproducibility information by comparing with
~other related tests

(3) Obtain data for evaluating downcomer bypass and mixing of the"
' ECC with the primary coolant '

(4) Determine the effects of PCS operation and rapid depressuriza-

tion with boric acid coolant

(5) Test system performance with plant protection system (PPS)
backup under operating procedures as similar as possible to

those planned for nuclear operation

(6) Provide system thermal-hydraulic data to compare with
predictions’ and other experimental data for code verification
purposes.

(7]

was performed using the WHAM and RELAP4 computer codes. This analysis

Prior to performing LOCE L1-4, an experiment prediction analysis

provided comprehensive pretest predictions for each measurement

transducer recorded during L1-4 with the exception of strain gages and

accelerometers. Following LOCE L1-4, selected pretest prediction
results were cqmpared to the test data in a quick-look report[s].
Selected pertinent thermal-hydraulic data from LOCE L1-4 were then
[9]
t .

presented in graphical form in an experiment data repor

Since completion of LOCE L1-4, the experimental data have been
compared extensively to the prediction data. Parametric studies have
been performed in an attempt to better understand the physical
phenomenon and to evaluate ‘alternate modeling techniques. Based on
these . studies, a posttest RELAP4 analysis was' performed and is
documented in this report with a discussion of modeling changes and the



effect the changes have on the calculated results. Also, the LOFT
modeling experience will be related to the modeling of a LPWR.

Both the pretest and posttest RELAP4 analysis of LOCE LI-4 used a
nonstandard modeling scheme in the inlet annulus-downcomer region.
Since this 1is. an area of considerable interest 1in the analysis
cumnunity, Section-2.0 of this report has been devoted to that cubject.
Section 3.0 presents the ¢hanges which have been made tu Lthe prelest
RELAP4 model prior to the posttest analysis. The results of the
posttest analysis and comparison with the pretest prediction and the
test data are préSented in Section 4.0. Section 5.0 presents several
conclusions drawn from the analysis. Appendicies document the RELAP4

model input and the engineering units conversion of the RELAP4 data.

A review of the LOFT transducer nomenclature and their locations is
provided in Table I and Figures 1 through 3. Reference 5 contains a
detailed discussion of LOFT instrumentation; however, certain new
transducers were added prior to LOCE L1-4. These instruments. and their
locations are described in Table II and Figures 4 and 5 in this report
and in Reference 9.

<



TABLE I

NOMENCLATURE FOR LOFT INSTRUMENTATION

Designations for the different types of transducers.

1. CV -~ Control Valve

2. BDE ' - Densitometer

3. FE - Flow

4. FT “ Flow

5. LE - Level

6. LIT - Level

7. LT - Level

8. ME - Momentum Flux

9. PdE - Differential Pressure
10. PdT - Differential Pressure
11. PE ~ Pressure
12. PT - Pressure
13. RPE. = Pump Speed
14. TE - Temperature
15. 17T - Temperature

16. VPE - QOBV 17% Position Switch

Designations for the different systems, except for the nuclear core

- which bhas not been installed.

1. BL : - Broken Loop

2. CS - Core Simulator

3. PC - Intact Loop

4. RV - Reactor Vessel

5. SG - Steam Generator

6. ST - Downcomer Instrument Sta]f
7.

SV - Blowdown Suppression Tank




Quick opening blowdown valve

Pd=-BL-7 - Steam CV-P133-1 (LVDT)
PdE-BL-4 . generator PT-P138-112
. -PdE-BL-8 simulator TE-P133-62
PJE-BL-6 / PE-SV-75
PJE-BL-3 v : .
TG-SG-1 PJE-BL- 2 Isolation valves Fluid T/C
TG-SG-2 DE-BL-1 CV-P138-16 TE-P136-56
TG-SG-3 FE-BL-1 A,B,.C / I:!\E/ F: 1;% 85 TE-P138-59
ME-BL-1 A,B.C .' 138-2
PT-P139-2 ' B S ‘
PT-P139-3 PE-BL-1 E-P138-53 . PT-P138-23
PT-P139-4 A TEBL1ABGC, o) Feaor
FT-P139-27-1 ( | ‘I -
FT-P139-27-2 ./ DepC2 N VAN A
FT-P139-27-3. 'S“r FE-PC-2 F&—’f \ -
PE-PC-4 ) Steam | MEe-PC-2 (SR i '
jenerator AN D)
LT-P139-6 - . PE-PC-2 \\\3{ ) & { PE-SV-70 " \
LT-P139-7 Pressurizer |~=— A : TE-PC-2 Qﬁ‘tbﬁ\\\« =) ) p /"ﬂ
? - ) AR S~ . ) \
LT-P139-8 . \ \a‘a\\ Quick Opening Valve K/"'
TE-P139-20 " A \ I~ % \ CV-P135-15 (LVDT) 3
TE-P-139-19 — |, ' v N ‘“-"'ﬁy Valve opening To
, PRI S PT-F138-111 suppression
TE-P139-32, TE-P139-33, L \‘]1\ i‘ \ TE-F132-66 tank
TE-P139-34 : '

PJE-PC-8
PJE-PC-2

DE-PC-3, FE-PC-3,
ME-PC-3, PE-PC-3A,
PE-PC-3B, TE-PC-3

PJE-PC-9, Pde-PC-10
PCP-1-F, PCP-1-1
PCP-1-V, PCP-2-F
PCP-2-1, PCP-2-V
RPE-PC-1, RPE-PC-2
PCP-1-P, PCP-2-P

Fig.

1

Reactor
vessel

NECC: cold leg injection unit

N

PE BL-3

Pump ' )
. DE-BL-2, FE-BL-2,
simulator \ gg:gt: ME-BL-2, PE-BL-2.
r DE-PC-1, FE-PC-1, TE-BL-2
ME->C-1, PE-PC-1, PAE-BL-10
TE-PC-1 +PE-BL-~4

PJE-BL=9

PT-P120-061

\ TE-P139-28-2, TE-P139-29

INEL-A-2714

LOFT thermo-fluid measurements instrumentation.
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TABLE 11

NEW INSTRUMENTATION FOR NONNUCLEAR TEST L1-4

Measurement
Identification

Description

PdE-PC-8 -
PE-PC-9
PdE-PC-10

PdE-BL-9

PdE-BL-10

FE-BL-1A
ME-BL-1A
TE-BL-1A

FE-BL-1B
ME-BL-18B
TE-BL-1B
-FE-BL-1C
ME-BL-1C
TE-BL-1C
PE-SV-75
PCP-1-P

PCP-2-P

Differential pressure across the pressurize
surge line ‘

Differential pressure across intact loop
pump 1

Differential pressure across intact Toop
pump 2

Broken loop cold leg differential pressure
from end of 14-to-5-in. contraction to
middle of 5-in.~diameter pipe

Broken loop cold leg differential pressure
from end of -14-to-5-in. contraction to break plane

Broken loop cold leg fluid velocity, momentum
flux, and fluid temperature at DTT flange on
bottom DTT

Broken loop cold leg fluid velocity, momentum
flux, and fluid temperature at DTT flange on
middlie DTT ‘

Broken loop cold leg fluid velocity, momentum
flux, and fluid temperature at DTT flange on
top DTT

Pressure at broken loop cold leg expansion joint
Pump power, intact loop pump 1

Pump power, intact loop pump 2
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2.0 DOWNCOMER MODELING

The modeling of the reactor vessel downcomer region has been an
area of major interest in LOCA accident analysis. The conventional
nodalization scheme for the upper annulus and downcomer is a series of
two or more vertically stacked volumes. However, the ability of this
oné—dimensiona] model to calculate the behavior of the fluid flow in the
downcomer, which 1is basically two or three dimensional, was questioned
early in the LOCE L1-4 pretest analysis effort. Indeed, azimuthal
differences 1in downcomer behavior had been evident in data from the

first LOFT experiment.

The azimuthal difference can be seen very clearly in data from
Loce L1-1811, a 100% hot leg break with cold Teg ECC injection.
Figures 6 and 7 show the momentum flux in the reactor vessel downcomer
instrument stalks located on opposite sides of'the downcomer. Note that
the data show very little difference between the stalks until
approximately 34 seconds after rupturé. At that time, ECC flow, which
was initiated at 29 seconds after rupture, began to penetrate the intact
loop side of the downcomer, causing the positive flow -spikes at
ME-2$T-1, while negative flow (upflow) dominated at ME-1ST-1 on the
broken 1loup slde fur anuvlher 15 secunds. Similarly the downcomer
temperatures at these locations, Figure 8, show penetration of subcooled
ECC water at TE-2ST-14 on the intact loop side, while TE-1ST-14 more
nearly follows the saturation temperature curve. From these data it is
evidept that azimuthal variations in downcomer behavior can be expected
for LOCEs which involve cold leg ECC injection. Downcomer momentum flux
and temperature data from LOCE L1-4 between 20 and 5U seconds after
rupture confirm this expectation, as can be seen in Figures 9, 10,
and 11.
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A RELAP4[]0][a] calculation was performed which demonstrates the
inability of the code to adequately calculate downcomer performance
using the conventional "single downcomer" nodalization. Figure 12
compares the measured broken loop cold leg density for LOCE L1-4 with
the sfng]e -downcomer RELAP4 calculation. Note the extreme overpredic-
tion of ECC bypass by the single downcomer model. The failure to
adequately model downcomer performance 1is also evident in Figure 13
which gives the reactor vessel 1liquid mass  from the test data
(calculated from LE-1ST-1 and -2 and LE-2ST-1 and -2) and from a single
downcomer RELAP4 calculation. While the test data show significant ECC
accumulation in the reactor vessel, the single downcomer calculation
shows very little accumulation. 1In this calculation the RELAP4 vertical
s1ip option was used to simulate counter-currént tiow between the inlet
annulus and downcomer. Two similar calculations with enhanced vertical
slip correlations also showed similar results. The vertical slip option
acts directly on the energy transfer between volumes. If this energy
transfer is sufficient to alter the volume pressures significantly, then
the mass flow between the volumes would be affected through the momentum
equation. In the case of modeling LOFT LOCE L1-4, blowdown and con-
densation effects apparently dominate the pressure calculations so that
vertical slip does not significantly affect the mass flows. Use of the
flooding models available in RELAP4 with the single downcomer
nodalization was not attempted. These models are used in conjunction
with the vertical slip model and serve to limit the magnitude of the
slip velocity under counter-current flow conditions. In the single
downcomer calculation, sustained counter-current flow between the inlet
annulus and the downcomer did not develop. Therefore, use of these
models with the single downcomer nodalization would not induce ECC
penetration of the downcomer. Although the single downcomer results are

conservative, i.e., exaggerated bypass and no ECC penetration, a more

fal RELAP4/MOD5, Update 2 with natural circulation steam generator sec-
ondary model.
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realistic approach to downcomer modeling was considered necessary for a -
best-estimate calculation of LOCE L1-4.

The "split downcomer" nodalization, used in both the pretest and
posttest L1-4 models, was devised as a means of allowing the code to
more directly approximate the azimuthal asymmetry observed in. deowncomer
performance. In this nodalization the upper annulus and downcomer have
been divided circumferentially into two sections. One  section
represents 1/3 of the total annular volume located on the intact loop
side and the other represents the remaining 2/3 on the broken loop side
of the reactor vessel (see Figure 14). The 1/3 - 2/3 split ratio was
chosen with the smaller volumes located on the intact loop side to mini-
mize the time during which condensaliuvin éffects dominale Lhe pressuie
calculation. Note that cross-flow junctions are provided in the annulus
and. downcomer regions. The input data for the modeling changes were
based solely on the physical geometry of the region. The success of
this modeling. scheme in calcufating overall downcomer performance can be
seen in Figures 15 and 16 which show L1-4 test data overlaid with the
pretest and posttest RELAP4 calculations of the broken loop cold leg
density and reactor vessel 1iquid mass, respectively. Note that the
calculated bypass of ECC water compares reasonably well with the data,
as evidenced by the 1low broken loop cold leg density after ECC
injection. The filling of the reactor vessel also corresponds well with
the trend of the test data through 60 seconds. At the end of the
posttest calculation, the mass inventory is overpredicted by the split
downcomer model, Further investigation will be required to determine
whether this overprediction 1is characteristic of the split downcomer
model or the result of calculational instability experienced late in the

posttest analysis calculation.

Several RELAP4 calculations. have been performed to investigate the
sensitivity of split downcomer model calculations to changes in the
nodalization. In one case the split ratio was reversed from 1/3 - 2/3
to 2/3 - 1/3. The results showed no significant change in overall
performance. Two additional calculations using a 1/10 - 9/10 split
ratio and a 6% - 16% - 78% triple split also showed similar performance

-

18



Intact loop
~ hot leg

Intact loop
cold leg

Downcomer

instrument

stalk no. 2
Downcomer
instrument

stalk no. 1

Broken loop
cold leg

Broken toop
hot leg

a. Reactor vessel section at nozzle centerline
showing 1/3 section under intact loop cold leg

—_ - — - - -
ntact ! 1/3 inlet Annulus 2/3 inlet | Broken loop
loop p— intet 1 crossflow-———— met b cold |
cold leg | annulus junction annulus | old leg

S | ’ . \ - - - —

1/3 Downcomer 2/3
crossflow  ——»
downcomer junction downcomer

Lower plenum

—
l
I
l

—— -4

b. L1-4 RELAP4 downcomer nodalization
INEL-A-5079 .

Fig. 14 Split downcomer model.

19



4MASS (KG)

DENSITY (MGsM3)
o
£

\\_ \\ - POSTTEST

I |
» . N | , )
DATA — 7 A = %M%ﬂ-n . ‘ . 'A\

FTIME (S)

Fig. .15 Density in broken ldop cold leg, LOCE L1-4 data and RELAP4

2200.0

split downcomer calculations.

2000.0 X\

1800.0

1600.¢C

1400.0 -

1200.0

1000.0

800.0

600.0

400.0 |

200.0

A

Fig. 16

10.0 20.0 30.0 4D.0 50.0 6U.U 70.0 80.0 806.0 100.0
TIME (SEC)

Reactor vessel 1iqu%d mass, LOCE L1-4 data and RELAP4 split
downcomer calculations.

20



except for a bypass period of about 8 - 10 seconds immediately after the
ECC water entered the vessel. Subsequent investigation has traced the
cause of- this bypas;ing to the water packing routine applied to the
inlet annulus. The RELAP4 water packing routine is wused to prevent
unrealistic pressure spikes from occurring when a volume fills. To
accomplish this, the code determines how much "excess" water has entered
the volume in one time step and then redistributes the flow through the
connecting junctions to remove this excess. Since this flow redistribu-
tion is performed between normal time steps, it-ignores the momentum
equation and distributes the flows according to the product of junctionA
area and specific volume of the fluid in the downstream volume.
:Therefore, if the specific volume is nearly the same in two downstream
volumes, the flows will be redistributed according to. the ratio of the
junction flow areas. This was the case in the runs which exhibited the
bypass period. The cross-flow junction area was much larger than the
down-flow junction area, therefore, the water packing calculation
artificially forced the ECC water across the annulus rather than down
into the downcomer. This hazard can be avoided either by ensuring that
the ratio.of cross-flow junction area to downflow junction area is less
than 10 or by not using the water-packing option.

Before discussing the detailed behavior within the reactor vessel,
it 1is important to understand the effects - on the RELAP4 calculation of
subcooled ECC water flowing into a volume -containing a high quality
steam mixture. With RELAP4, when subcooled ECC water first enters a
vapor or mixture filled volume, it immediately mixes 1in thermodynamic
equilibrium with all of the fluid in that volume. The result of this
mixing is condensation of the vapor and rapid depressurization of the
volume. Usually the pressure in the volume drops below that of adjacent
mixture filled volumes and the flows in the connecting junctions reverse
(or accelerate) toward the filling volume. This period of simultaneous
flow into the volume of subcooled ECC water and saturated mixture
continues until the volume is completely filled with saturated water.
As soon as the vo1ume-fi115, the fluid conditions in the volume become
subcooled. The upstream and downstream junction flows then may -reverse
allowing subcooled water to enter the adjacent volumes, and the process



repeats for successively filling volumes. Figures 17 and 18 illustrate
the process for the intact loop cold leg volume immediately outside the
reactor vessel. At approximately 23.2 seconds when the volume begins to
fill, the flow in the downstream junction reverses and remains negative
until the volume fills. Note that prior to 23.2 seconds, the flows in
both junctions were primarily negative due to condensation effects while
the upstream volume was filling. Thus, 1in a RELAP4 calcutation,
refilling of the plant with subcooled ECC water usually proceeds volume-
by-volume with .each volume 1in succession being filled with subcooled
water. When condensation effects .severely depress the vulume pressure,
the ECC water cannot flow beyond the filling volume until the volume is
completely filled.

To further illustrate the effects of condensation by subcooled ECC
water, two additional RELAP4 split downcomer calculations were performed
with elevated ECC water temperatures. - For these calculatiens the tem-
perature was raised from 33 to 132°C (slightly subcooled) and to 177°C
(saturated), respectively. Figures 19 through 22 show the -change- in
condensation effects at the intact loop cold leg. The initial flows in
Figures 20 and 22 differ from those in Figure 18 because ECC flow . began
entering upstream volumes prior to 22 seconds after rupture. For the
132°C ECC case in Figures 19 and 20, the flow reversal in the downstream
junction occurred later, and the magnitude of the negative flow was less
than in the subcooled ECC case. Note that the flow oscillations were
also reduced indicating a more stable calculation.. Figures 21 and 22
show that with saturated ECC the volume took approximately five times
longer to fill than in the subcooled case.. The downstream junction. flow
never reversed, indicating that condensation did - not -dominate the
calculation. This allowed LECU water To flow through Lhe volume while:
the volume was filling.

The condensation effects of subcooled ECC, particularly the
complete filling of * volumes with subcovled water, have a significant
impact on the detailed behavior inside the reactor vessel during the
refill period. Figure 23 shows the calculated flows as a function of

time in the downcomer junctions for the time dinterval between 30 and
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50 seconds after rupture initiation for the posttest analysis.
Figure 24 shows the calculated pressures, temperature, densities, flows
and elevation pressures in the -downcomer lower plenum region at
40 seconds after rupture. These figures along with Figure 25 illustrate
that large fairly stable "flow loops" have formed. These flow loops are
~ driven by the unequal gravity heads that exist in the vessel. A column
of water is indicated 1in Figure 24 on the intact loop side of the
downcomer which completely fills all the correéponding volumes; whereas,
on the broken TJoop side the fluid 1is considerably 1less dense.
Consequently, the elevation pressures (as shown) on the intact loop side
are much larger than on the other side. The condensation of vapor by
subcooled 1liquid predicted by RELAP4 maximizes these effects, as
discussed earlier, because it causes every volume entered by ECC water
to becomer liquid- full before the water can flow into other volumes.

The elevated ECC temperature calculations, mentioned earlier,
confirm these hypotheses. The calculation with 177°C ECC water tempera-
ture did not indicate the same kind of water co]umn,las discussed -above,
and the density differences were much smaller, e.g., at 40 seconds after
rupture the densities on the intact and broken loop sides were 152 and
109 kg/m3, respectively, compared to values of 915 and 138 kg/m3 in the
subcooled ECC run. Figure 26 shows the calculated flows in this case
(compare with Figure 23). Figure 27, in turn, shows the corresponding
flows in the calculation with 132°C ECC temperature (slightly sub-
cooled). The flow loops are there, but reduced in magnitude compared to
Figure 23 (subcooled ECC). Additional conftirmation was obtained through
a calculation which was identical to the subcooled ECC case except that
the elevations of both cross-flow junctions were changed. The flow loop
time history and especially the magnitudes of the flows were drastically
changed. This confirms the theory'that the flow loops were driven by
unbalanced elevation pressure heads; because for homogeneous volumes, a
change in the junction elevations affects only the gravity force term in

the momentum equation.

Clearly then, condensation effects force complete filling of the

downcomer volumes on the intact loop side of the vessel giving rise to
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Downcomer lower plenum region pressyres (MPa), temperatures
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(MPa) at 40 seconds into the transient (LOCE L1-4 posttest
analysis).
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significant elevation heads at the connecting junctions which, in turn,
force the flow loops. Fortunately, these 1loops appear to have no
significant effect on conditions outside the reactor vessel. This is
evident from Figures 28, 29, and 30, which show the flow into the down-
comer from the intact 1loop, the flow out of the downcomer into the
broken loop, and the flow from the lower plenum into the core region,
respectively, for both the subcooled and saturated ECC calculations.
These flows compare very well bétween 24 and 50 seconds after rupture in
spite of the large flow loops present only in the subcooled case. The
difference in the mass flows in Figures 28 and 29 is due to the Tlower
mass flow rate of the saturated ECC. The circulation within the
downcomer due to the flow loops tends to homogeniZe the fluid within
those volumes, apparently without serious consequences. Comparison of
the calculated to measured downcomer momentum fluxes 1in Figures 31
and 32 indicates that the mixing may be physically realistic.

It may be possible to eliminate the flow Tloops either by
arbitrarily assigning a very high reverse flow form-loss coefficient to
the inlet annulus cross-flow junction or by modifying the RELAP4
treatment of elevation heads at the downcomer junctions. Although these
changes may eliminate the symptom, a more viable approach is to
eliminate the cause, i.e., the RELAP4 calculated excess condensation by
subcooled ECC water.

In general, the split downcomer model provided a much more
realistic calculation of overall downcomer behavior for LOFT LOCE LI-4
than did the conventional single downcomer model. Figures 33 and 34
provide a direct comparison of L1-4 data, split downcomer calculations,
and single downcomer calculations of broken loop cold leg density and
reactor vessel liquid mass, respectively. When the technique is applied
to other plants, the analysts should ensure that the model is not
susceptable to the water packing induced bypass problem described
earlier and that downcomer flow loops (if present) do not significantly

affect overall behavior.
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3.0 RELAP4- POSTTEST ANALYSIS MODEL

The RELAP4 model used for the posttest analysis is basically an
extension of the L1-4 experiment prediction RELAP4 mode1[7]. For that
reason only the changes in the pretest model will be discussed in this
section. The interested reader should consult Appendix A for the input
data listing and time zero edit of the RELAP4 output and Reference 7 for
a detailed presentation of the L1-4 experiment prediction model. Both
the L1-4 experiment prediction and posttest analyses used the same
version of the RELAP4 code;, designated as  RELAP4/MODS
(LOFTsv02(73))H 191,

3.1 1Initial Conditions

The most obvious change for any posttest analysis concerns the
initial plant conditions. Since the experiment operating specification
(EOS)[G] normally specifies a range of acceptable values for  plant

_operating parameters, it is nearly impossible for all the nominal values

used in the pretest analysis to coincide with the actual conditions
within the system at the time the experiment was initiated. Therefore,
the follawing parameters were changed to reflect the experimental
conditions tor the LOCE L1-4 posttest analysis:

(1) PCS temperature, mass flow rate, and pump speed for both pumps

(2) Pressurizer and accumulator pressures, temperature, and water

volumes
(3) Broken loop hot and cold legs temperature distribution

(4) Steam generator secondary side liquid level.
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3.2 Nodalization

Three nodalization changes were incorporated into the posttest
analysis model. The purpose of these changes was to improve the
calculation stability and running time. The effects of these changes on
the calculated results were minimal, as they were intended to be. The
first nodalization change was in the Tower plenum region. For the
pretest analysis (see Figure 35) this region had been modeled with three
volumes. Evaluation of the pretest results indicated that these volumes
behaved almost identically. Since the additional volumes and junctions
are a computatioﬁa] 1iability, they were deleted for the posttest
analysis. The posttest nodalization schematic in Figure 36 shows the
single Jlower plenum volume. Although directly comparable sensitivity
calculations have not been performed, no differences in the downcomer-
lower plenum behavior between the pretest and posttest analyses afe

considered to have been caused by this nodalization change.

An evaluation of the pressurizer surge line volume performance -in
the pretest analysis indicated that this volume was also unnecessary.
Therefore, for the posttest model, the volume of the surge 1line was
included in the pressurizer’ volume and the two-phase form-loss
coefficients of the junction pair combined into a sing]é junction.
Comparison of the -preséurizer pressure and level response between the '

pretest and posttest calculations will show nearly identical behavior.

The final nodalization change concerns the pressure suppression
system. For the pretest analysis this system was modeled as a s{ngle,
time-dependent volume. The pressure history for the volume was taken
from the EOS[GJ requifements for the system. The pretest analysis
calculation was terminated due to steam fiow from the suppression system
when the calculated PCS pressure dropped below the specified pressure
suppression system pressure. The unrealistic PCS depressurization was a
direct consequence of the exaggerated ECC condensation calculated by
RELAP4. In order to .permit the posttest analysis calculation to
continue beyond this point, the pressure suppression system volume was
deleled and the connecting junctions oh the broken 106p were speciffed
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as '"leak junctions" with a constant sink pressure. In this analysis,
when the calculated PCS pressure fell below the sink pressure (at
approximately 50 seconds after rupture), flow through the leak junctions
stopped. The <calculation continued for an additional 26 seconds;
however, calculational instabilities, apparently due to a "ringing"
effect in the then dead-end broken 1legs, were almost immediately
apparent. '

3.3 Emergency Core Cooling System

As discussed 1in Section 2.0, "Downcomer Modeling", the ECC water
temperature can significantly affect the calculated local behavior when
ECC enters "a vo1ume. In order to further illustrate the condensation
effects of subcooled ECC, results of a hot ECC sensitivity calculation
are presented 1in this report for comparison with the posttest analysis
calculation results. The 1input data for -these calculations were
identical except for the ECC water temperature. The posttest analysis
calculation used the accumulator water temperature (33°C) specified 1in
the E05[6]. An [CC water temperature of 132°C, slightly below
saturation temperature for the leak junction sink pressure, was chosen
for the hot ECC sensitivity calculation. The condensation effects are
significantly reduced in this calculation as will be discussed 1in
Section 4.0.

During the interval between LOCEs L1-3A and L1-4, the discharge
standpipe in accumulator A was modified and a smaller scaling orifice
installed in the discharge pipe as discussed in Reference. 6. This
modification increased the resistance of the accumulator discharge 'bipe
by 30%. This increése;.however, was not incorporated into the pretest
RELAP4 model. Consequently, the accumulator flow rate was over-
predicted 1in the pretest calculation. Figure 37 illustrates the change
in volumetric flow rate from the .accumulator due to the resistance
increase. Comparison of posttest analysis results with those of the
132°C ECC calculation indicates that the RELAP4 calculated condensation
effects of the 33°C ECC water contribute to the overprediction of
accumulator flow in that calculation.

40



L/s

FLOWRATE

75.0
O L1-4 DATA
& PRETEST RELAP4
O 33° ECC POSTTEST RELAP4
@® 132° ECC POSTTEST RELAP4
60.0 i -
M
/i X
25%5.0 b
v
0.0 i -
L
2% .0
-25. 0. as. 50. 75. 100.

TIME AFTER RUPTURE (SECONDS)

Fig. 37 Flow rate in ECCS accumulator A discharge, LOCE L1-4 data
and RELAP4 calculations (FT-P120-36-1). ’

n



Data from LOCE L1-4 indicated that the LPIS pump did not perform
according to the flow-versus-injection-point pressure curve used in the
pretest ana]ysfs, see Figure 38. The cause of this discrepancy is
twofold: the injection point pressure was below 1.3 MPa when LPIS flow
was initiated, and the effect on the injection point pressure of the
accumulator discharge through common piping was not taken into account
for the pretest pump curve. Consequently, the LPIS flow rate was also
overpredicted in the pretest calculation. For the posttest analysis,
the pump curve was adjusted, as indicated in Figure 38, to more closely
approximate the pump performance. Although the initiation of LPIS flow
was somewhat early for the posttest analysis calculation compared to the
test data, Figure 39 shows that the agreement is quite good until the
liquid surge at the end ot the accumulator blowdown perturbed the LPI3
flow. In the 132°C ECC calculation, -the LPIS flow was initiated later
and was underpredicted until the accumulator discharge ended.- This is
due to the calculated pressure in_the injection line volume (No. 46 on

Figure 36) being held high by the near saturated accumulator flow.

3.4 Broken Loop Hot Leg

In the pretest analysis, single-phase form-loss coefficients were
used for the pump simulator junctions. Since the RELAP4/MOD5 two-phase
friction calculation applies only tu Lhe fanining friction TJosses, the
pretest calculation underpredicted the pump simulator differential
pressure. The results of sensitivity studies have indicated that a two-
- phase factor on the order of 1.5 would be appropriate. (The performance
of the LOFT pump simulator in two-phase flow conditions 1is currently

being studied.) The form-loss coefficients used in the pretest analysis
for the two pump simulator junctions were, therefore, increased by 50%
for the posttest analysis calculations. The improvement 1in the
comparison between the calculated and measured pump simulator

differential pressures can be seen in Figure 40.
In conjunction with the pump simulator resistance increase, the

contraction coefficient at the break plane junction was removed. The
0.75 coefficient, applied to the critical flow model at the hot Teg
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break plane in the pretest prediction, was intended to account for vena
contracta effects associated with the elbow just upstream of the break
plane. Since the pretest prediction analysis, it has been learned that
this approach may have been erroneous, as was evidenced by the

experimental work of Za]oudek[]]]

, who found that an elbow at the end of
a test section had an insignificant influence on the critical flow rate
as compared to a straight section of pipe. RELAP4 sensitivity studies
have indicated that changes in the contraction coefficient have a very
small effect on the mass flow, but rather, influence the broken loop hot
leg pressure drop distribution, particularly between the pump simulator

and the break plane.

The pressure differential across the hot leg break plane 1is shown
in Figure 41. The overprediction by the RELAP4 calculations may be due
to a combination of effects: the blowdown jet 1impinging on the
downstream tab of the differential pressure transducer; RELAP4 not fully
accounting for all of the pressure losses in the broken 1obp hot-leg to
the = break  plane; RELAP4 predicting too Tlow a backpressure just
downstream of the break plane; and RELAP4 overpredicting the mass flow

rate.

3.5 Steam Generator Secondary

The RELAP4/MOD5 wupdate used for the L1-4 pretest and posttest
analysis calculations included a natural circulation steam generator
.secondary heat transfer model. Figures 42 and.43 show the steam
generator secondary temperature and pressure, respectively, for the test
data and RELAP4 calculations. The difference 1in the measured and
calculated temperatures at time zero is due to the fact that the LOFT
steam generator 1is remcving primary coolant pump heat while the RELAP4
steam generator is initialized with no heat removal. It is evident from
the figures that the natural circulation model overpredicted the
secondary-to-primary heat transfer. The effect on the overall
. calculation of this overprediction is considered to be small. This
overprediction has beén traced to an apparent misapplication of the heat
transfer model. Consequently, the RELAP4 standard conductor heat
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exchanger model was used for the posttest calculations. Modeling of the
LOFT steam generator secondary is currently being reviewed.
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4.0 DISCUSSION OF RESULTS

The effects on the overall calculations of the RELAP4 modeling
changes diséussed in Section 3.0 are presented here. Each figure in
this section provides the L1-4 test data overlaid with the experiment
prediction (pretest) RELAP4 ca]culation[7], the posttest RELAP4
calculation, and the hot ECC sensitivity calculation which used 132°C
ECC water.. The differences in the calculated results are generally very
small. - As expected, the 132°C ECC sensitivity calculation produced
higher pressurcs and temperatures after ECC injection than  did the

subcooted ECC -calculations.

The calculated densities in Figures.44 through 48 shéw nearly
identical results for the three calculations. The broken Toop cold leg
density, Figure 44, is overpredicted by as much as 100% during blowdown
between time after rupture initiation (to) + 5 and to + 25 seconds. The
intact loop cold leg density was similarly overpredicted as shown in
Figure 45. Among the possible causes of this overprediction are:
uhderprediction of broken 1loop cold leg mass flow, underprediction of
slip effects, and steam flow from the pressurizer through the spray line
and into the intact loop cold leq. Figure 46 shows that the broken Toop
hot leg density was  somewhal underpredicted during blowdown.
Examination of Figure 47vfndicates that the intact loop hot leg density
was generally underpredicted and that the calculated flow reversal at
to + 4 seconds occurred approximately 2 seconds earlier than in the test
data. The increase in the density at t0 + 20 and tn'+ 17 seconds,
respectively, 1in Figures 46 and 47 has been attributed to fluid, which
has been held in the steam generator inlet plenum during pressurizer
blowdown, flowing through the intact lcop hot leg to the reactor vessel
outlet plenum and out the broken loop hot leg. The RELAP4 calculations
track this rather subtle effect reasonably well. The density at the
steam generator out1et,’ Figure 48, 1% somewhat overpredicted for

approximately 10 seconds .during blowdown.
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After blowdown both the pretest and poéttest density calculations
compare reasonably well with the test data, except for the intact 1loop
cold Tleg density. The data show apparent slugs of ECC water in the
piping between the injection point and the primary coolant pumps during
the interval between to + 30 and to + 60 seconds. The calculations did
not show this result. The 132°C ECC broken 1loop density calculations
beyond to + 40 seconds generally overpredicted the data. This was
expected because the higher temperature ECC calculation also over-

predicts the system pressure late in the transient.
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Fig. 44 Average density in broken loop cold leg, LOCE L1-4 data and
RELAP4 calculations (DE-BL-102).
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Figures 49 and 50 compare the pressurizer liquid level and pressure
calculations with the test data. Note that all three calculations
predicted pressurizer blowdown very well and that the pretest and
posttest calculations overlay in spite of the nodalization change. It
is 1interesting to note that although the pressurizer level calculations
overlay almost exactly with the data, the pressurizer pressure is over-
predicted until after ECC initiation. This is the type of response
expected if the pressurizer pressure was being relieved through a flow
path not included in the RELAP4 model. Such a flow path is the
pressurizer spray line which allows steam to flow from the pressurizer
to the jntact loop cold leg. As mentioned carlicr, this steam flow may
also contribute to the overprediction of the cold leg densities during
blowdown. Turther {investigation is underway to determine whcther Lhis
effect is significant for large break analysis.
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The calculations of PCS pressure response are quite good, as shown
on an expanded scale in Figure 51. The three calculations overlay with
the data within the instrument error bands[g] for the first 25 seconds
after rupture. At that time the condensation effects of the subcooled
ECC cause the pretest and posttest calculated pressures to fall below
the data. In contrast, the 132°C ECC pressure calculation follows the
data until nearly to + 50 seconds. Thereafter, it overpredicts the

pressure slightly.

7.0 @
| i O L1-4 DATA
! A PRETEST RELAP4
l O 33° EGC POSTTEST RELAPA
6.0 , | ® 132° ECC POSTTEST RELAP4
=+t iﬁh ; !
5.0 : ;
O I R - - — T
T 4.0
w - i
[+ 4 H
> 3.0 , t
» i |
)] . 1 i
W H N
x ) ]
o 2.0 +
{ b ' !
—— | !
TR
1.0 — +——t T ‘§ ‘!‘
_,_.-;—-————1 - --_L_ : : - ‘ 33 ey - ! E— ‘—_:
0.0 " = L
0.0 25.0 50.0 75.0 100.0

TIME AFTER RUPTURE (SECONDS)

Fig. 51  Core simulator pressure, LOCE L1-4 data and RELAP4 calcula-
tions (PE-CS-1A).
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The next set of figures (Figures 52 through 58) indicate that the
comparison of calculated and measured temperature response is very much
as expected, i.e., agreement within the instrument error bands until the
time of ECC injection when the subcooled ECC calculations begin under-
predicting the temperatures because of condensation effects. The
temperatures from the 132°C ECC calculation generally follow the data
for 20 seconds beyond ECC 1injection and then overpredict the data.
Figure 52 exemplifies this general behavior. Note that the broken Toop
temperatures were initialized at the saturation temperatures
corresponding to the pressure at the end of the subcooled blowdown,
causing the small offset in the initial conditions.

In the idintact 1loop cold 1leg, Figure 53, even the 132°C ECC
calculation fell below the measured temperature because of the thermal-
equilibrium assumption of RELAP4. The data between to + 25 and
t0 + 40 seconds indicate that the instrument 1is seeing intermittent
slugs of subcooled ECC 1in a steam environment. Between to + 40 and
to + 70 seconds, subcooled fluid gradually begins to dominate. At
to + 75 seconds, the measured temperature in the cold leg has approached
that calculated in the posttest case.
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Fig. 52 Average temperature in broken loop cold leg, LOCE L1-4 data
and RELAP4 calculations (TE-BL-101).
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Fig. 53 Temperature in intact loop cold leg, LOCE L1-4 data and
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The test data in Figure 54 and 55 suggest that superheated steam
began flowing through the intact loop hot leg at to + 32 seconds and
reached the broken loop hot leg at approximately to + 45 seconds. The
calculations did not exhibit this behavior as strongly as did the data.
At the steam generator outlet, Figure 56, all three calculations
indicated superheating; however, none agreed well with the data. The
early temperature rise in the pretest calculation was probably due to
the overprediction of secondary-to-primary heat transfer discussed
earlier. For the posttest calculation, the temperature rose briefly at
to + 27 seconds and then generally followed the system saturation
temperature curve. The absence of condensation effects in the cold Teg
for the 132°C ECC calculation caused the flow in the steam generator
outlet to nearly stagnate. The resultant lack of heat removal in the

region caused the severe superheating exhibited in this calculation.

It should be noted that the temperature data may rise above the
system saturation temperature due to thermocouple dry-out and heating by
stem conduction and radiative heat transfer. When, this occurs the
temperature rise is typically very rapid as compared to the more gradual
rise experienced under actual superheated conditions. It is possible
that this effect, rather than actual superheating, is the cause of the
temperature rises in the data, especially at the steam generator outlet.
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Temperatures on the broken and intact loop sides of the downcomer
are shown 1in Figures 57 and 58, respectively. The subcooled ECC
caiculations begin underpredicting the temperature (because they under-
predicted pressure) almost immediately after ECC injection. On the
other hand, the 132°C ECC calculation followed the temperature data very
well until the subcooled ECC water penetrated to the instrument
locations. The data then exhibited a series of negative temperature
spikes which indicate intermittent contact with subcooled ECC. Notice
that as the instruments were cooled, the average temperatures gradually
approached those of the subcooled ECC calculations. This indicates that
conditions in the . downcomer were slowly approaching the thermal
equilibrium conditions calculated by RELAP4.
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LOCE L1-4 data and RELAP4 calculations (TE-1ST-14).
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Fig. 58 Temperature in reactor vessel downcomer instrument stalk 2,
LOCE L1-4 data and RELAP4 calculations (TE-2ST-14).

61



Figures 59 and 60 show that the pretest and posttest calculations
exhibited the general characteristics of the primary coolant pump speeds
reasonably well. The apparent initialization error of nearly 100 rpm
for pump 1 contributed to the 230 rpm overprediction at to + 30 seconds
for that pump. The posttest calculation showed a discontinuity in the
pump deceleration, which was not evident in the data, when the motor-
generator set field breakers opened at 750 rpm. The increase in pump
speed due to steam flowing into the cold leg and condensing with the
subcooled ECC is shown clearly in the data and to a lesser extent in the
posttest calculation. Since the 132°C ECC calculation severely reduced
condensation effects, no pump acceleration was calculated. The pretest
calculated pump speed did not drop below the motor-generator set field
breaker setpoint until to + 50 seconds because the overprediction of ECC
flow caused more condensation in the cold leg. Consequently, higher
steam flow through the pumps maintained their speeds slightly higher
than those in the posttest calculation. Figure 61 shows that the
differences in pump speed had very little effect on the differential
pressure because the pump head is severely degraded in the high-quality
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Fig. 59 Pump speed for primary coolant pump 1, LOCE L1-4 data and
RELAP4 calculations (RPE-PC-1).
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and RELAP4 calculations (PdE-PC-1).
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The velocities 1in the intact Tloop are shown on Figures 62
through 64. Note that the turbine meters are unidirectional, i.e., they
have a positive output regardless of the actual flow direction. The
calculated velocities in the cold leg (Figure 62), and between the steam
generator and primary coolant pump (Figure 63), are overpredicted,
particularly beyond to + 25 seconds. The 132°C ECC calculation is much
closer to the data in this region which indicates that excess
condensation by the subcooled ECC water is a major factor. Figure 64
shows that after the flow reversal at to + 6 seconds, the hot leg
velocity instrument was either stuck or underranged. It did show the

slug of water from the steam generator inlet plenum at tU + 20 seconds.
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Fig. 62 Velocity in intact loop cold leg, LOCE L1-4 data and RELAP4
calculations (FE-PC-1).
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The momentum flux 1in the intact 1loop cold leg and in the core
simulator are shown in Figures 65 and 66, respectively. The RELAP4
calculations predict the trend of the data within the instrument error
bands[g]. Note that the core simulator instrument was underranged for

almost the entire transient.
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The intact Tloop cold leg mass flow per system volume is shown in
Figure 67. There is reasonably good agreement for the first 5 seconds
of blowdown followed by 20 seconds of overpredictions. The data

oscillations during refill are underpredicted by the calculations.
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Fig. 67 Mass flow per system volume in inlact loop cold Teg, LOCE L1-4
data and RELAP4 calculations (FR-PC-111).
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The fluid behavior in the broken loop cold leg is presented in
Figures 68 through 70. The velocity calculations are in excellent
agreement with the test data until just before ECC 1is injected. The
calculations then generally overpredict the data until to + 45 seconds.
The subcooled ECC calculations then begin decreasing to zero, however,
the 132°C ECC calculation continues to overpredict the velocity. The
momentum flux calculations, Figure 69, are overpredicted during blowdown
but become quite good after ECC injection. As suspected from the
density comparisons, the cold leg mass flow per system volume was under-
predicted slightly during blowdown, as shown on Figure 70. Data consis-
tency checks have indicated that a factor of 0.72 should be applied to
the experimental data. The zero offset 1in the data at zero seconds

after rupture indicates a problem in the data initialization.
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Fig. 68 Average velocity in broken loop cold Teg, LOCE L1-4 data and
RELAP4 calculations (VE-BL-101).
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Fig. 69 Average mementum flux in broken loop cold leg, LOCE L1-4
data and RELAP4 calculations (ME-BL-101).
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Fig. 70 Mass flow per system volume in broken loop cold leg, LOCE L1-4
data and RELAP4 calculations (FR-BL-116).
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Figures 71 and 72 are presented for comparisons of the pretest and
posttest calculated broken 1loop hot leg performance because both the
turbine meter in Figure 71 and the drag disc in Figure 72 were under-
ranged for nearly the entire test. Note that the differences in the
broken 1loop hot 1leg modeling between the pretest and posttest
calculations had Tlittle effect on the overall performance. Figure 73
shows that the calculations followed the trend of the mass flow per
system volume data very well in spite of the overprediction early in
blowdown. The 0.72 factor from data consistency checks also applies to

this experimental data.
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Fig. 71  Velocity in broken loop hot leg, LOCE L1-4 data and RELAP4
calculations (FE-BL-2).
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5.0 ‘CONCLUSIONS

Several conclusions can be drawn from the data and calculations
presented. The calculation with the ECC water temperature artifically
raised to 132°C was an attempt to overcome the excessive steam
condensation problems in RELAP4. Results of this calculation compared
quite well with the experimental data for up to 25 seconds after ECC
injection, but experienced problems late in the transient. The
comparison between the posttest analysis and 132°C ECC sensitivity
calculation results emphasizes the need for an ECC mixing model in
RELAP4. Use of such a model would not only improve the pressure and
temperature calculations beyond ECC injection but also would reduce the
downcomer flow loops.

Comparisons between single and split downcomer calculation results
have shown that the split downcomer model approximates the overall
downcomer performance much better than did the single downcomer model.
Sensitivity studies have demonstrated that the split downcomer model is
reasonably insensitive to nodalization changes and that the downcomer
flow loops have little effect on behavior outside of the downcomer.

The detailed modeling of the pressurizer surge line was shown to be
unnecessary provided the form losses are properly modeled. Similarly,
detailed nodalization in the reactor vessel lower plenum was shown to bé
unnecessary for cold leg ECC injection experiments. Elimination of the
pressure suppression system as a RELAP4 control volume had very little
effect on the calculated results and allowed the calculation to continue
beyond the end of the calculated accumulator blowdown. Adjustment of
the RELAP4 initial conditions to conform to those of the actual test had
little effect on the overall results. ‘

Examination of the primary coolant pump response has shown that
precise prediction of the pump speed is not essential to predicting the
pump differential pressure. Use of a two-phase friction multiplier for

the pump simulator form-1oss coefficients has shown that two-phase
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effects in the pump simulator are important in modeling the broken loop
hot 1leg. Removal of the contraction coefficient at the broken loop hot
leg break plane had little effect on the break flow.

Much of the experience from the LOCE L1-4 pretest and posttest .
analyses may relate direct]y' to LPWR LOCA analysis. Without an ECC
mixing model, the injection of subcooled ECC will have substantial
effects on local behavior. Use of the split downcomer nodalization may
provide a more realistic representation of overall downcomer performance
than the conventional nodalization. Detailed modeling of the
pressurizer surge line is probably not necessary provided that the two-

phase resistance of the line is taken into account.

Areas where future development of the LOFT RELAP4 model is
anticipated include proper application of the steam generator secondary
natural circulation model to the LOFT steam generator, development of an
appropriate two-phase multiplier for the LOFT . pump simu]ator, and
evaluation of the LOFT pressurizer spray line effect on the large break
transient. With these exceptions, it is felt that the LOFT analyses
presented are approaching the limitations of the RELAP4 code in
describing nonnuclear thermal-hydraulics for large break LOCEs in LOFT.
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APPENDIX A

LISTING OF RELAP4 COMPUTER CODE INPUT
- AND ZERO TIME OUTPUT FOR POSTTEST
ANALYSIS OF EXPERIMENT L1-4
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U 22 4 300 G 0 0o 668733 1347240 De 0.3333

0o 9 M, 114611 U Do
22 LS M b 5 0 8leGTB7 Do T344913 043333 0.
Jeo 0 Ge 3487153 de e
23 01 0 0 0 0 4646667 0o 148187 1.744 %
1744 Ne 541384 Co Ca Do

23 65 9 9 0 U 28.9427 0. 2665913 24892 a,
2892 e 84145 (e Do De

49 9 1 0 0 U 0 2B.735 040 11138 1.744 0,0
1e764 0e0 7158 (o0 040 040

49 % 5 0 € U € 174821 0.9 1643748 24,892 0.0
24892 Jel 14702 CetU Gebd Ul

037 40000 " Da 9e8920 1.1803 0. 045833
De Oo Co 304335 UBe Do )

37 05 6 0 0 § 11.9927 0. 11018 05833 0o

0. J¢ 34435 0. 0o B

1 2 1 & 0.0 0401299 D.d

D 1 4 0.02597 0.0

2 2 1 4 0.894 0.0208 0.0

0 1 4 0CeL20B. . flab

2 2 1 & 1,016 040417 0.6

0 1 4 640417 GCaOb

2 2 1 4 1¢25 040625 Ged

0 1 4 040625 Ue0

2 2 1 4 14667 0425 Owu

0 1 4 045 Ceb

2, 2 1 4 0401675 0400204 040

0 1 4 0400206 040

2 2 1 & 04356 U0.031 DO

6 1 4 04G63 040

2 2 1 &4 0.866 04039 00



06

591

352

170802
179901
1799¢C2
171001
171002
171101
171182
171201
171262
171301
171302
17143
171402
171403
180101
18u102
1906101
1990102
190143
193104
199105
190108
]

340010

ODNONONVNOMNDO DO

[~ J—N N

1

T & 3,078 D.U
2 1 4% 045339 0.0442 10,0
1 4 J.0885 (a0
2 1 3 2425 0e0208 Ol
1 4 3.2709 0.0
2 1 34 041693 00208 3240
1 & J.0417 Oevu
2 1 4 0,2839 (45252 G40
1 4 240563 Ge0
2 1 % 06016 Je049% 3.0
1 4 1,0989 0ev
3 1 3 014583 008332 Gou
1 5 23.08333 0.0
1 3 Je10417 049
2 » S5SI04 THERMAL CONDUCTIVITY
202. 9.574 2372 15294
-13 * S5S304 HEAT CAPACITY .
173 44045981 250 44 432964 400, 44.48722
60J. 45432201 LY 46.90938 1003, 48,84151
1203, 5093056 14CUne £34.5869 1633, 35414808
183J. 5676090 PETIIN 57.79932 2200, 58426551
2405 57«30161

CHANSES FROM L145-A20 = L1-4 POSTTEST ANALYSIS
1 0 6.0e Ue « END FJRIP FOR INPUT LISTIMNG AND TIME ZERC EDIT

CARD ABOVE IS REPLACEMENT CARJ.



MISCELLANTOUS PROBLEM CONTROL DATA.

NUM BRO -

TAPE NUM NUM NUM NUM  NUM NUM NUM NUM  NUM  NUM  NUM NUM NUM NUM  NUM
DUMP EDIT TIME TRIP VOL BUB TIMZ JUN PUMP CHK LEAK FILL HEAT SLAB SLAR CORE HEAT GRAM
5=ND VAR SETS SGNL SETS VoL 'SETS VALV CURV CURV SLAB GENM MAT SECT EXCH FLAG
-2 9 9 6 49 3 6 55 2 1 1 2 a7 1a 1 0 0 ¢
EXPOP4/C E OLOFTSV32(73) EXPERIMENTAL RELAP4 TYPE PROGRAM CONFIGURATION CONTROLSYES
INITIAL IMPLICIT- Low HIGH Lou HIGH
POWER EXPLICIT PRESSURE PRESSURE TEMPERATURE TEMPERATURE
(MEGANATTS) FACTOR LIMIT C(PSI? LIMIT (PSI) LIMIT (F) LIMIT (F)
T 1. J00000E+0)  3e8600u0E=D2  34625000E+403  3,210000E+61  8.540312€+03
EDIT IDENTIFICATION NUMBERS
1 2 3 4 s I3 14 8 9
AP 2 J¥ 52 Ju 53 50 Ju 51 JV 41 Jv 23 Jyv 31 ML 41
DATA FOR 9 TIME STEP SETS.
= SET T S BRF LRG T S TIM: MIN END
NUM PER PER PER CNT STE? TS oF
BRF LRG RST OPT sSIZZ SIZE INTERVAL
1 50 2 2 0 «2000GOE=-03 100CN0E-06 «1000N EenC
2 20 10 1 o «5GUGI0E=C3 +503030E-34 «BLCCRCESLS
316 20 1 9 «10G000E=-02 «100000E-03 #200000E+01
3 5 10 4 N} «1000C0E=01 «500000E-03 « 70860205401
5 5 20 3 0 «100003E-01 «50000CE-03 +220090E402
6 & a0 4 G «10UGOUE~01 «500JGGE-08  43200006+02
7 40 4 0 «10606J0E=01 ©505000E-03 «4B830D)E+92
8 1G 40 4 0] «50UG00E-02 +100000€-93 «6000COE+02
9 5 80 2 3 «1000CGE~C1 “100095€E-C3 «10000CF+03
ENDCPU =  2.50000E+33
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SENERALIZZIO TRIP PARANETERS FOK

TRTIP TRIF
NC e I1C
1 1

2 4

3 3

4 &

5 5

[ &

SI5 INDX
1D 1
1 ¢
1 0
1 g
1 ]
5 43
1 3

ZNDX
2

]

0

(<)

6 SIGNALS..

ACTION

END

CEN

. GEN

GEN

CEN

CEN

TRIP

TRIP

TRIP

TRIP

TRIP

TRIP SIGNAL

ELAPSED
ELAPSED
ZLAPSED
ILAPSED
LOW MIX

ZLAPSED

TIHE
TIME
TIHé
TIME
LEV

TIME

SET PNTINT

e

R
«1300035+71
2220600542
«1006075=01

«355000C+02

DELAY TIVE

De
0.
Oe
Oe
e

Ue



INPUT DATA FOR 49 VOLUMES.

YOL BUBL TIME PRE SSURE

€6

TEMPERATURE HUMIDITY VOLUME HEIGHT MIXTURE
NUM INDX DEP (PSIA) (DEG F3 (OR QUALITY) (FTesD) (FT) LEVEL (FT)
VoL 2-PH FLOW AREA EQUIVALENT ELEVATION VOoL. BELDV
NUM FRIC (FT*e2) DIAMETER (FT) (FT)
1 8 Y «228T709E+04 «539000€E+03 -,100000€E+01 «162817€E+02 «7500NNE+01 «750000E+01
1 0 «251230E+31 «178800€E+01 -,973000E+00 .0 -
2 4 ¢ «2290B87E+04 ¢53900DE+33 -,10000CE+Q1 «419500E+21 «186570E+01 «186500E+ 51
2 ¢ «2491C0E+01 «13140DE+01 -.283800E+C1 fn
3 0 0 «228479E+04 «S39UUDE+D3 -,130000E+C1 +7951262+01 «932333E+00 «932333E+C0O
3 v «682704E+00 «93233BE+40Y  -.46616T7E+CT r
4 n U «228456E+04 «53900DE*v3 =.1000C0E+21 «455041E+61 «9323335+00 «932333E«C3
4 c «682T04E+0Q0 «932333IE4U0  ~48466167E+00 0
9 ] 0 «228434E+04 «53900DE+03 -.100000€+01 «318386E+01 «932333E+00 «932333E+00
5 o «682704E+00 «932333E+400 =~-.866167E+00 0
6 i [H «228364E+04 «539000E403 -,190000E+01 «287822E+01 «242156E+01 «282156E+G1
) 3 . «895564E£+00 «126783E+01 =-.533917€+CC Y
7 1 0 «228038E+94 «53900DE+0U3 =-.1000C0E+01 «111824E+02 «250C00ESCY «250000€+C1
7 0 «794125€+51 «136150E+01 ¢312193£+00 1 ’
8 0 G «227800E+CS «539000E+03 -.100000E+01 «109769E+02 «673007E+01 «675000E+01
8 0 «162621E+01 «335000E-01 «2R1219E+01 0 .
3 0 0 «227586E+04 «53900DE+L3 ~.1C0G000E+0L «544779£+01 «2N0521E+01 «200521E+01
9 e «162621E+01 «33500DE-01 «956219€+01 1
10 0 0 «227661E+34 «539viDE+03 =-.100000E+01 «109769E+02 «675000E+ "1 «675CGNE+G]
19 0 »162621E+31 «335060E-01 «281219E+01 o i
11 0 0 «227778BE+04 «53900DE+03 -.,100000E+01 «111824E+402 «250000E+C1 «250000E«01
11 0 «794125E+C1 . <146150E+01 «312193E+C0 0
12 g a «227353E+04 ¢539000E+u3 -.1000CGE+01 «205729E+C1 «237508E+01 «237508E+01
12 c «895564E40¢ e136T63E+01 <-448T743T7E+5G 4
13 0 0 «22T7345E+04 «53900DE+03 =.100056E+01 «443798E+C1 «380867E+01 «380857C+01
13 0 «682704E+00 «932333E+430 =.429610E+91 0 . .
14 0 0 «227175E+0G4 «539000E+4u3 -.100000E+N1 «449346E+01 «21745NE+M «217450E+C1
14 fn «682704E+20 «932333E+30  =.429610E+01 0 ‘ )
15 0 ¢ «228556E+404 «539006DE+03 ~,100000E+C2 «378561E+91 e247577C+01 «287S577E+ 21
15 0 «3%4063E400 «33406DE+J0 =-.212160E+01 g
16 0 0 . e228T04E+04 «539050E+03 =~,1000CGE+01 «378561€+01 «237577%+C1 «247577E+C1
16 0 «394063E+00 3940606400 =-,212160E+C1 n
17 0 ¢ «229826E+04 «539GG0E+U3 =-.1000C0F+01 «189580E+01 e708333E+00. +798333E+(0
17 0 «394063E400 «TUB33BE+00 -.358416TE+CO 4}
18 y c «230112E+034 «S390CDE+03 ~-,1C2030EC1 «693352E+00 «TNR333E+00 «70R333E4C0
18 0 «394063E+00 e T0833JE+UU  -e35416TE+D0 C
19 9 o «229562E+404 «53900DE+03 -.100000E+01 «628853E+901 «932233E£+00 «332333E+C0
19 ¢ «682704E+T 0L e932333E+00  «o46616TECC n
20 b 0 «229517E+04 «539L00E+03 ~.100000E+C1 e161431E+01 «932333E+00 «9323335+¢0
29 ¢ «682704F 0 ¢ «532333E+ul  -+46616TE+CO n



6

s

VOL BUBL TIME

NUM INDX

n
[
oO9o0oO0O0cOO0OQOOC O

n
©
O oOoWOOoe

[E ]
-
oo

w
[
CcooOocoo O

(23
®
POUoRoCoo e

DEP

PRESSURE
(PSIA)
FLOW AREA
(FT+22)

¢229227E+04
«130748E+01
«229466E+04
«121811F+01
«229661E+C4
«558000E+01
+229351E+04
«326550E+01
0229206E+24
«682T734E+00

«229206E+04
«682TN4EDU
0 222206E404
«253165E400
«228826E+04
«682704E+00
«228626E+404
«682TL4E+DL
«22R791E+0L4
«900370E-01

«2286TSE*D4
«17608CE+J1
«22853ZE+04
«116102E+401
«226675E+04
«106G8ULE+DL
«228826E+04
«300370E-C1
«228937E+04
«682704E+00

«223891E+04
«909370E~01
«22928CE+04
«653740E+0G
«229156E+G4
«817584E+3C
«22B790GE+04
¢ 41T7584E+0C
«223476E404
«682704E 5y

TEMPERATURE

(DE5 F9

EQUIVALEN
ODIAMETER (FT)

«5390U0E+H3
«58 3333E+00
«5390UDE+03
«333330E+00
«539C3DE+D3
«15180DE+D1
«3390GDE+03
«23E3uDE+T1
«536000E+03
«932333E400

«3323000E+03
«332333E+i0
«S532000E+433
«S6TTSDE+GO
«532000€E+03
«932333E+C0
«538500E+403
«932233E+G0
«536GCDE~02
«338580E+00

+S38GUDE+03
«12:583E+51
+53BO0BE+TS
¢121583E+01
<53 7500E+33
«121583E+01
«53T00DE+C3
<33858DE+00
«5350uDE#U3
«932333E400

+523006BE+03
+333580E+00
+539000E+C3
+58 3333E+30
»S33J00VE+uL3
«125J0BE*G1
»533500£+03
«1236UDE+01
«5393C0E+03

. «932333E+40

~»120090E+C1
~+227083E+01

-2100000E+61

=»444533E+01

-»130033E+C1
-»414845E+401
-=103050E+0C1
-e235167E+C1
~»1030030E+C1

«466157E+00

-«1000C0E+01-

-+ 364583E+00
~«100000E+C1
~866167E+CD

HUMIOITY VOLUME
COR QUALTITY) (FT#x3)
ELEVATION VOL. EELOV
FT)
-«100000E+01 »496640E+31
-«235167€+01 st
-«100UC0E+CY «1137776+02
~e139636E+02 a
-«100G000E+01 ¢167500E4N2
=e168300E+C2 0
-«1000035E+C1 «302893E+02
~el226CCE+02 0
-«100000E+031 «356959E+01
~ea46616TE+00 ]
-«100000E+C1 «153040E+01
~e8661€7E+N) n
-e130000E+01 «817513E+08C
~e¢283875E+C0 Y
-«100000E+01 «7154379E+01
-e4661€6TE+00 r
-«100000E+01 «23C445E 401
-e866167TE+00 2
-«100090E+01 «2B9549E400
-+169292€+C1 0
-.100000E+01 «458256E+01
-227083€E+01 0
~+100GC0E+C) «1GC357E4902
-685333E+01 Y
-.10000CE+D1 «458256E-01
»2227083E+01 ¢

«40R318E-00
K

«17C360E-N1
0

«578567E+30
.24:320E®01
oBIgDQGE’Ei
.5825§7E*01

+161431E#)1
0

HE [ 5HT
(FT)

«X43500E+CL
«116119€+02
«2884740F+01
«942200£+01

«932333E+00

«9332333€£+00
«5677SNE+ 00
«932333E+400
«932333E+00

«268013E+01

«8458250E+01
«8047C8E40]
29458250+ 01
«4541ET7E+D1

«2174SCE ]

+431775E+51

+3435C0E+ 0]

T2 206%0RE4C]

»289583E+01

2932333426 -

MIXTURE
LEVEL (FT)

«343500£+01
«116119E+02
e244740Ee0L
«9642200E4+01

«932333E+00

¢932333€400
«SETTSNESCD
«932333E+00

«932333E400

. #244013E+061

«458250E01
«404T708E+01

«458250E+01

. e854167E+01

+217450E+01

«431775E+C1
«343500g+01
«206508E+01
«289583£+01

«932333E45



VOL BUBL TIME

NUM INDX
VoL 2=PH
SUM FRIC
41 3

a1 0

42 1

42 o

43 1

43 0

44 0

44 0

45 0

45 0

ap 0

a6 0

47 0

a7 0

48 )

a8 0

0

9

CEP

PRE SSURE
(PSIA)

FLOW AREA
CFT*22)

«22B38TE+04
«600726E+C1
0'

+171000E+02
e613600E+03
«135700E+02
e 229205E+04
«559250E+0u
«22BB24E+V4
«559250E+00

4 229794E+04
e 644T0UE=G]

«229206E+04

o 6827GAE+GY
«229488E+04
«509054€400
«229555¢E+04
«374329E+401

TEMPERATURE

(DEG F9

-«130000E+01
«27656DE+01
«53900DE+u3

46 70GDE+01
«92000DE+D2
«41566TE+01
«50200LE+C3
«84 3833E+G0D
«52900DE+G3
«843833E+30

«2100CGDE+03
«100000BE+05
«52509DE+03
«206000E+00
«53900DE+03
«33333Dg+C0
«539u0DE+OD3
«218314E+01

~e139636E+52

HUMIDITY VOLUME
COR GUALITY) (FTes3)
. ELEVATION VOLe BELOW
(FT)
0. «351145E+02
+261167E+00 a
Oe . «281500E+03
«199000E+C1 9
Oe :  «108873E403
«337797E+01 -1
=+100000E+01 «327525E+01
~+400573E+00 op
-.100009E+01 «327£25E+01
=eQ00573E+00 n
~+100000€+01 «537000E+01
=-,283880E+CC ]
~«100000E+C01-  o7741N0E«0D
~e866167E400 0
=e1000N0E+C1 «563387F+01
-e129636E+02 0
~.1006C0E+01

«639200F+01
9

HEIGHT
(FT)

2678354E+ 01

«27450CE+ 02

«729207€+ 01

e8481146E+00_

+881186E+00

»266185E+01
«932333E+00
«1156119£+32

«176360E+C1

MIXTURE
LEVEL (FT)

EQUIVALENT
DIAMETER (FT)

«432720E+01
«99080NE+01

«S02717E+21

;841106E¢00

«841146E+400

+366185E401
«932333E+00
«116119E952

«170360E+01
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VOLUME DATA ACTJALLY BEING USED.

vOL BUBL TIME

MUM INDX DEP

(SR - I \C I

(Vo - B N« )

-
(=]

11

13
14
15

16
17
13
13
20

21
22
23
24
23

2€
27
29
23
3C

31

<

k.S
=l

34

3%

36

38
39

Lok N W-+ B'~1 oo [ = o~ W] oo I D o000 0

cCOocorCr

[ 3

oMM Oo.

DOCOO oo [ I8 = e BY o e} QDD D oO e [y N e NN LI o) QC DO

[-A 20 B« I -S> ]

PRZSSURE
(PSIA)

«22B709E+404
«229087E+%4
0228479404
«228456E+04
«228434E+04

«2283642+04
«228038E+04
«22T8BUGIE+VAS
«227586E+04
«22T661E+C4

«22T7TT8E+UA
«22T353E+G4
«227345E+04
«227175E+04
«22B556E+04

«228704E+94
«225826E404
«230112E404
«225562E+04

+22951TE+04

222922T7E+C4
+229466E+04
»229661E+04
+229351E+04
»229206E+04

¢229206E+04
«22920€E+04
«228826E+04
«228826E+C4
«228T9LE+LS

«228675E+54
«228532E+04
«2286T5E+04
«228826E4+04%
«22B93TE+14

¢223891E+L 4

«229280E4+04
¢229156E+404
«223730E+04
«229476E+0%

ENTHALPY

+333652E+4C2
+333647E 403
¢533654E403
«333655E+43
+333655E+C3

«Z33655E+93
«23366DE+13
«S33662E+0L3
«3335665E+03
«S335660E+03

95326636403
«S3366BE+I3
«53266BE+L3
«232670E403
«532653E 443

«532652E+03
«532638E+03
«532635E+03
«333642E+03
«332642E+03

«333646E+03
«533€43£+03
«SIJEGIE+03
B33E44E+03
«529994E4+03

+S263448E+403
«459658E+03
«535650E+03
«533042€£+033

«3324335E403 -

«532435E+03
«5326426E+03
«331826E+03
«531216E+L3
«52534FE+03

2521524E4063
+533645E+433
+525345E443
+533542E403
»533643E+03

VOLUME
TFT*s3)

«162817E+02
«4196C0E+C1
«795126E+01

«455041E+061 -

+318986E+01

«287822£4+01
«111824E+02
«109769E+C2
«544T7T9E+ (1
«109769E+02

«111824E+02
«205729E+01
«443798E+(C1
«44934654+C1
«378561E£+01

«378561E+C1
«18958CE+C]
«6933S2E4C2
«6288S3E+{1
«161431E+01

«496640E+51
«113777€+02
«167500C4G2
«302490E+C2
+356959F+ 61

+153040E+0C1
<817513E+C0
-754979E+01
«220445FE+C1
+289649E+(0

+458256E+01
+1LC3ETE+C2
2458256E+C1
+4G8918E+0U
»170960E+01

+578667E+00
+248320E+(1
«817046E+ 01
+587547E+01
»161431E+C1

HEIGHT
(FT)

WTELDCLOESN]
+186500E+01
+932333E+00
»932333E+00
»932333E+00

«242156F+01
«250000E+01
«6750N0E+CL
«20N0521E+31
«6T7500CE+C1

«250090E+01
«237508E4+01
«380367E+01
«217457E+01
«247577E+(1

«287577E+C1
«70B8333E+07
«7CA333E+CE
«9323332+00
«9323335+00

«343500E+01

«116119E+02

«2447405+01
«342200E+01
«FI2333E50

«932333£+400
«S6TTSIE+00
«532333E+00
«932333E+CC
#244013E+01

«458257E+01
~406708E401
+458250E+C1
«458167E+21
«217850F+01

«43177SE+01
«363500E401
«2065085+01
«289583E+01
«932333E400

MIXTURE
LEVEL (FT)

«756G020E+01
«LBES500E+G)
«932333E+20
*S32333E+60
«9323335E+930

*242156E+°71

«250000E+01
«€T500CE+GL

e2N0521E+01
«ET3N00E01

«250000E«02
e237573E+ 01
«280867E+01
«217450€+C1
«2847577E+71

«247577€+01
«708333E+0C
«708333€+0C
«932333€+00
«932333E+30

«343550E+01
«216119E+ 02
«244T4TE+51
«942200€+C1
«932333£+909

*9323335400
«36TTSCE+QO
«332333E+C0
«932333E+(0
«2644013E+01

e 4SR25NE+G1
«¥04TNBESNL
e 35825 CE+ 11
e 8541675+03
«21745CE+ 01

«%31775E+21 .

+34I500E+C]
»236508E+ 21
»289583E+ 71
29323230 +5¢

ELEVATION
(FT)

-«97300NE+00
-e2838C00E+01
~+456167E+00D
~e466167E+00
- 46616TE+ 30

-e533917E+0C
«312133E+00
«281219E+01
«956219E+01
¢281219E+C1

«312193E+09
~+48T7437E+0Q
~e429610E+01
-e429610E+01
-e212150E+31

~e¢212160£+401
-+354157€+00
-«354157€+090
~e465167E4+00
=e8466167TE+CO

<e235167E+01
“e139636E+402
~e164007E+02
-e122600E+92
~e866167E+02

-.466167E400
-.2R3875E+00
~e856157E+400
- 46616 TE+ 00
-.169232E+00

«227082E+NT
«685333E+1
«227083E+51
~e227CR3F+1
~e 84453 TF 4]

~e414846E+31
-e235167E+01

«4656167E+0D
~+354383E+(C
~a466167E+5)



L6

VOLUME DATA ACTUALLY BEING USED.

VOL BUBL TIME

NUM INDX DE?

41
42
43
44
49

a6
47
43
a9

DO

2000

[ B e B o= I o B ol

[0 i =5

PRESSURE
(PSIA)

«22638TE+Q4
«354809E+(3
«613600E+03
¢ 2292U5E+04
«228824E~08

«229794E~G4
«229206E+04
¢229488E+04

«225555E~04

ENTHALPY

¢ T42792E+903
«384837E+G3
«61574DE+Q2
«489BSRE+03
«521525E+63

«1832€4E+03
«516TH5E+03
+533643E+05
«533642E453

VOLUME
(FT*e3)

«351145E402
«281600E+03
«104873E+03
«327625E+01
«327625€+01

«537000E+01
«774100E+00
«568B8RTE+D1
«6392G6CE+01

HEIGHT
(7

»£78354E+01
«274500E+02
«729207E+C1
«841146E+00
«841146Z400

«366185€+01
«9323Z3E+0C
«116119€+02
«170360E+C1

MIXTURE
LEVEL (FT)

«432720E401
«990%800F+ 11
«502717E« 01
«881146E+900C
¢B41146E+"C

«366185E+01
«932333E+°0
«116119E+92
«170360E«C1

ELEVATION
(FT)

0261167E+00
«199002E+21
«337737E+01
-e400573E+90
~e403573E+00

-+28388QE+ 010
-e466157E4910
~e139636E+02
~e133636£+02



86

VO_UMZ DATA ACTUALLY BEING USED.

VoL
NUM

O LN =

2-PH
FRIC

N oo

©® Mo [l A ] [ WS I onlie ]

ol O

Lo A A S o) rita e

& e

e €

FLOW AREA
(FT+s2)

¢251290E+01
«24910J0E+ 01
«582704E+00
e682704E+G)
«682704E+00

«895554E+ 60
«794125€+01
«16262]1 £+ 01
«162621E+01
01626210+ 01

«7941250+01
«895564E+00
«682704F+ 00
«6827043+00
394063 I+ 00

23940635400
+394C63Z+ 00
«3940U6T T+ 00
«682704Z+00
+6827064E5+00

+13074EE+01
«101811E+01
«55800CE+01
«326500E+01
«68270CE+00

«682706E+ 00
«253165E+ 0G0
« 6827045400
e 682704E+ (D
«900378E~01

«106088E+01
«116102E+01
«106080E+01
«900373E-01
«682TUAE+(CD

«900373eE~01
«653742E+00
«41758E+0D
«41758AE+GS
«6R2TCYES G

EQUIVALENT
DIAMETZIR (FT)

«178300E+01
«13183CE+01
«932333E+00
«932333E+00
©932333E+G0

«106783E+01
+146150€+01
+33556LE-01
»335305E-01
+335300€-01

»146150E+01
2106783E+01
«932333E+00
«932333E+400
«394060E+0v

«394060GE+00
«708333E+C0C
«708333E+00
«932333E+00
«932333E+00

«583333E+0u
«33333LE+C0
«1518U0€E+01
«23130BE+U1
«9323332+00

¢9323337+3¢
«567750+00
«932333E+00
«932333Z+00
«338580E+00

«121583£+01
«121583E+01
«121583E+01
«338580E+00
«932333E ¢34

+«3385SBGE+OG
«583333E+0¢
«125000E+01
«125000E+C1
«932333E+C0

LENGTH
(FT)

«648158E+01
©168446E+C1
%11646T7E+T2
%666528E+01
L467240E+01

#321385E+01
%140814E+C1
4675C00E+J1L
3350002401
*675S00CE+0)

«140814E+¢01
%229720£+01
«6500€60E+01
%658186E¢31
«967662E+31

#960662£+01
481091E+01
«175950E+01
921121E+01
+236458E+01

2379845E+G1
2111754E+02
»300179€E+01
0926462E+C1
«522861E+01

«224167E+01
@322917E+01
»110587E+C2
#337547E+ 01
«32173GE+01

#431993E+01
+864393E+01
2431993E+01
©454157E+01
©253417E+C)

0642700E+01
«379845E+01
«195660E+ G2
«14DT7G52E+02
«23€458E+G1

L/s2A
(FTe2=1)

+129012F+01
+338110E+00
«852985€+01
+488153E+01
+342198€+01

«179432€+C1
+886593E~01
»20753AE+01
»103000E+C1
»207538E+01

«886599¢€~01
»128254E+01
«4763%2F+0C1
«482043E+01
«121392E+C2

«121392E+02
«610425€+C1
«223251E+01
«674612E+01
«173178E+01

¢145259E+01
«5488319€+01
«268978E+00
«141878E+01
«382934E+01

«164176E+01
«637759E+(C1

«8C9917E«C1,

«24T213F+M
«178649E+02

«203617F+01
03722575401
«203617E+01
¢252211E+02
01234012+ 91

«35€909E+52

«2913517€+01
«23427TE+ N2
e168471Ze02
«173178E+301

HORIZ . AREA
(FTae2)

«21709NE+C1
«224987TE+01
eBC2R34E+(1
«488067E+C1
«342138E+01

«118853£+401
e84T7295E4N]
«162621E+01
«271682E+C1
«162621£+01

«84T7296E+01
«866196E+(C
«116523E+01
«206643€+°1
«152906E+01

¢152906E+C1
«267643E+01
«9788502+90
«6784493E+01
«173147Ze01

«144582£+01
«9TI83I2E+9 8
«68440J0E+01
«321045E+71
«382867E+01

e164147E+01
«143992F+01
«B09773E+01
«24T7170E+21
«118702E+CT

+100001E+0L
«287975F+01
«100001F+0%
<2093 70E-01
«7B62CHEHCT

«134C21E+0C
«722511E+0
«395648E+81
«202894E+91
«1731475401

TEMPERATURE
F)

«539000E+03
«533007°€+03
«5390C0E+03
«533000E+33
«539003E+03

«533000E+03
«539000E+03
«539090E+03
«539003E+03
«5330C0E+D3

«539070E+03
«533000E+C2
«53900CE+03
«533000E+03
«539000E+03

«SZ909CE*03
«539000E+03

«5Z9000E+03 "

«529000E+03
«529000EeNT

«53300CE+C3
«533020€+033
«533000E+03
«539300HE«02
«S3I6GINESNT

+533000E+03
«502900E03
+539000E+03
+538500E+93
«538003E+C3

«53BCGIE+03
«SIRCICESTT
¢5375C0E+03
«S3ITNCRE+DD
«533G60ME+L3

«523990E+03

«53900°E403

«533G0CE+03
«S3850GE+N]
«539702E+53

SATURATION
TEMP. (F)

«6550376E+403
«655316E£+03

VOLle

«654929E+03 .

«654915€E+03

«654856E+03
«654648E+33
«658496E+403
«65436%E+u3
«654408E*U3

«654482E+03
+654211E+23
«654206E+03
«65409T7E+(3
«654979E+0L3

«655072E+33
«65578SE+D3
«655966E+03
e655618E+03
e655389E 403

«655475E403
«655557E+33
«655680E+23
«655484E+23
«555392€E+33

«£55392E+1:3
«653392€+ .3
«655150E+33
«655150E+53
«655128E+4033

e6355054E+73
«654963E+L3
«655054E+23
«653150E 423
e655221E+ 33

+655192€+,3
e535439E+ 07
<£55360E+03
e€55127E+53
+6555632+33

© «65S49C1E4UT

BELOWV

OGO O - 00w oo oo oo oo L= S B 73 & e ] wooo oo

(W &

D D O e
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P

VOLUME DATA ACTUALLY BEING USED.

VOL 2-PH
NUM FRIC
41 ¢
42 o
43 G
a4 o
as 5
46 5
47 0
a8 5
a3 G
* &
IN?UT FOR
SET
NO.
0
1
2

FLOW AFREA
CFTx+2)

«600726E+01
«171C00E+02
«135700E+02
«559250E+G2
«559250E+ CO

«644700E~01 -

«682T704E+D0
«SCICS54E+CU
«374229E+01

ACTABATIC AIR EXPANSION MODEL WILL BE USED FOR VOLUME

EQUIVALENT
DIAMETER (FT)

«276560E+01
«467U00E+01
«41566T7E+01
«843833E+00
«843833£+00

«100000E+05

«200U0 H0E+0Q0
«33333LE+GE
«218310E+01

3 SETS OF BUBBLE CONSTANTS

LENGTH
(FT)

%534535€+01
«164678E+02
©T772832E+01
»535830E+01
«535830€+01

+83294pE+02
@113387E+01
2111754E+(2
«17075%E+01

(BUILT=-IN DATA)

SLOPE BUBBLE
PARAMETER VELOCITY
O 0o
«800000E+00 «3000600€+01
«8N0000E4BY «1000DGE+07

«8J700C0E*DD

«2000D0E+01 -

L/2a HORIZ., AREA

(FTes=1) (FT*2)
«486523E+0C «517643E+01
«481516E+0C «102587€+02
«284757€+00 «143818E+402
«523764E+C1 «389499E+01
«523764E+01 «389499€+71
¢6545995£+03 e14664TE*1
«830428E+00 «830G283E+00
0109766E+(2 «489916E+070
«2289R86E+C0 ¢375205€E+01

43 o

TEMPERATURE
(F)

«654871£+03
533000403
«920000E+02
«S5C2C0CE-D3
«S2390CE+03

«2109700E+03
«52500CE+03
«539000E+02
«53930JE+063

SATURATION"
TEMP. (F)

«654871E+$3
«539009E+03

VoL.

«929009E+02 -

¢655391E+43
e655149E+33

«655765E+03
«655392E+03
«6535571E+93
«655614E+ 33

BCLOW



00l

OESCRIPTIONS OF 55 JUNCTICNS.

JLN
NUY

NR2BULHUNN -

MUDBDI~NOD

FROM
VoL

DOl e e O N

F IR I T I IR IS N, WIS |

[y

- [wr [
DL N D

-

MNP LWL N~

-
e (RND (N N wd LY O

- e e

s

(NNIN & (NCA MNP

PU4P .CHKY

LEAK VALV
F1.L

IC MOM

CA_C ER.

INDX INDX

u b}

2 0

0 3

0 9

0 5

0 0

6 3

0 6

0 0

¢ 3

0 9

5 G

0 0

0 g

¢ 0

¢ 9

0 0

G 2

0 0

0 0

n 0

0 o

0 6

3 3

0 0

0 0

0 0

0 0

-1 0

e 8

INITIAL
“Low
(LBN/SEC)

JUNCTION
JTAMETER
(FT)

»591657E+C3
+9010CUE«CQL
«59165TE+0S
«9323J0E+00
De
»932300E+00
+59165TE+G3
»332333E+00
«591667E+03
267591 7E+0G

+591657E+03
»932333E+0C
»591667E+33
«93167T0E+GG
«591667E+L3
«143834E+CL
«59165TE+US
«143894E+01
s591667E+G3
«143834E+ul

«591657E+03
«143834E+01
«591667E+(3
«9016TLE+CU

© 59166 TE+0Z

«932332E+00
«591667E+03
«932333E+04
«29786E+03
«708333E+00

JUMCTION
FLOW AREF
(FTaxZ)

COMTRACTION
COEFFICIENT

«£BOUOIESD)
«1LG005EO1L
«6B2700E+D2
«10000G0E+D1
«6B2700E+ 030

«1D0OCE+DL -

«6BUBBTE+DG
«1DUVO0UVE+D]
«358820E+00
«100000E+01

«6B2704E+CC
«10030GE+G1
«5569300E+00
«1D00CUESDL
«162621E+01
e -BULUCED]
e262621E+01
e_DUGUYET+01
¢ 262621E+GL
«100J00E+01

e262621E+01
«-DOGUBE+O1
«556000C+LD
«-DICIDELG]L
«682704£+00
«.0300UE+01
«682704E+0D
¢ DURSYL+012
«384063E+00
«.D0CO0E+(Q1

SPe ENERGY

JUNCTICN JUNCTTON SP, EMERGY
ELEVATION INSRYIA LOSS CREF. LOSS COEF,
(FT) (FT*-1) (FCRWARD) (REVERSE)
SUBCOCL ENTHALPY COSINE TADJUN
CHOKE INDEX
-.9730C0E30 &, «E4B10CE+G]  o64B10GE+DD
¢ n +100000E+01 n
O eS17300E4311  oS13400E+00  ,3134G0E+00
0 .o £, 0
Ne «8761CCE+IL  o109S00E+00.  o473200E+90
0 3 0. n
0. +B874485E+431  oE18000E-01  ,514000E-01
t 0 0. ¢
0 eB30351E43L  <Z278GOE~-01  4912000E-0
r ? e a
0. +521530E+431  o€T2200E¢00  ,672200£+00
0 n «150000E+01 0
e151011E40T  +188298E+2L  .153961FE+01  .177640E+01
n 0 f. 2
02812195431  .216408E431  o258400E+00  o531200E+0D
¢ 2 0. A

9562195401
0

«956219E+01
¢

«281219E+31

.1210115001
-.~g74375¢ao
-.3§2994£ool'

-e212160E+%1
0

«319539c431
3

«310539E+)1
3

2216404E+]1L

1
«137120Ee D1
]
e604346E+31L
n

«958135E+351
L]

+170096E+)2
0

«130C00E-02

«1006020E+01

«€7200CE-01

«1000890£401

«6325CCE+ 20
0'

«137940E+01
gl

«196580E+0¢

«100000€+01

«10994(E+01
0.

«215660E+00
L3S

«13CCONE-C2
3
«572100€E-212

«357000E+01
A

«150170€+01

+206500E+00
I

«125000€+01
9

«215660E+79



Lot

JUN
NUM

16

FROM
VoL

TO0 PUMP CHKV
VOL LEAK VALV

[\

>

> N
e~

FILL
IC MOM
CALC EQ.
INDX INDX
-2 0
[\ ]
1 0
9 0
2 0
] ]
0 -0
0 0
0 3
[y 0
0 g
0 0
0 0
0 3
0 ]
2 3
1] 0
2 3
0 0
2 0
0 0
2 0
c ]
0 3
0 ]
0 R
0 ]
0 0
0 0
0 g

INITIAL
FLOW
(LBM/SEC?

JUNCTION
DIAMETER
(FT)

«29380TE+03
«708333E+C0
«297860E+03
«708333E+40
«2938UTE+03
«TUB333IE+CU
«297860E+023
«708333E+0C
«293807E+C3
«708333E+40

«591667E+03
«932333E+00
«391667E+(3
«332333E+4C0
«284551E+03
«311456E+00
«36876BE+33
«128830E+01
«591657E+03
«203800E+C1

«59165TE+{3
«100000E+01
Ce :
«932333E+03
Oe
«332333E+00
0.
«33860LE+00
0.
«56T750E+00

JUNETION
" FLOW AREA
(FTex2)

CONTRACTION
COEFFICIENT

«394063E+010

«1DGJ00E+QL’

«394063E+00
«1000C0ECOL
«394063E+00
«1BGOGOE«D]
«394063E+00
«1DB000JE+01
«394063€+00
«1DUJ0OVE+C]

«66085TE+D)
«1DG000E+CY
«6B2704E+0D
«100000E+01
«8693960E+0D
«1D000GUE+D]
«869960C+00
«10U0O0E+01

«105600E+01 ~

«1D0000E+01

e TBSASUE+DU
«1D0000E+01
«68270C4E+J0
«100000E+01
«6B2764E+ 00
«1BGOCOEX DL
«SB1423E+ 00
«1DU0COE+G]
«253160E+00
«1B00U00E+DL

0.

JUNCTION
ELEVATION
(FT)

suBcooL
CHOKE

-e212160E+C1
n

0.
0
LY

0.

0.

Oe.
0
0.
0
-e235167E+01
0

~¢139636£+02
0

-¢122600€+92
0

-+283800F£+01
¢

O
0

O
0

0.

JUNCTION
INERTIA
(FT«=-1)

ENTHALPY
INDEX

«170096E+02
.122935[002
-120217E¢02
01385045002
.837863&001

5

«517484E+01
n

«334776E+01
g
0.
]
De
0
Lo

"
f.
0.
«391683E401
o8
«547080F+01
n
«111100£402
¢

«116155¢E+02
n

SP. ENERGY

SP. ENERGY
LDSS COEF. LDSS COEF.
(FORWARD) (REVERSE)

COSINE TADJUN

«231500E+00 «231500E+N0
o. A f)
«15223T7E+00  4152237E+030
LR , 0
«218380E+400  ,218380E400
0. 2
«661280E400  L690009E+0D
n, 0
«293098E¢01  ,120000E+01
Ce 9
e203750E+00  o203750E400
0. l’}
«1237R5FE01 *804000E+00
e , 0
«2008285+400  ,300C00E+ND

«170000E+01 5
e776149E+90  ,563814F+2
«120300E+01 5
026084635400 260860400
«1C0000E«0L 0
«55918GE+25  4559180E+420
«100000E+01 A
«804DCOE+0)  o1895G0E+D1
. fe » n
«100500E+20  <170500E+00 .
0. a
«654500E+401  ,180500Ee02
Ce . o]
«299560E+ 60

0.

" e246290C400

A



20l

JUN FROM T0
NUM  VOL  vOL
VERT CHOK
JUN ~ING
INOX INDX

31 7 21
21 U 5
22 28 29
12 1 1S
23 29- 30
13 1 5
2% 30 31
14 U 5
23 3i 32
15 1 S
36 32 33
36 U S
37 33 34
37 ¢ g
38 34 35
38 U £
39 35 3€
9 ‘1 €
L11] 36 4€
L] 1 H
.1 18 22
%1 4 5
82 29 3¢
42 5 5
4z 26 18
33 v S
44 43 46
14 0 S
a5 81 .
%5 1 S

PUMP
LEAK
FILL

-C
CALC
INDX

TP 000000 DO GO

OONODOOODO W

OO OO0 O DO

CHKYV
VALV

oo ocoooooo COoOOOCOUOUDWUWD

HODE HOLO WD

INITIAL
FLOW
(LBM/SEC)

JUNCTION
DIAMETER
1FT)

«284551E+403
Je .

Je
«932333E+00
Je

Je

Ja .
+359417E+00
Je .
«52781%E+iC

5. .
+527819E+00
Qe Lo
+359417€+00
0.
«35941TE¢0u
De
«359417E« 0L
De
+338580E40C

«832094FE* 0z
e

O.
«TUBIBCE+CE
0-
«TUB333E+00
Oe
«236500E+0¢C
0. :
«140750E+05

JUNETION
FLOM AREA
(FTw*2)

CONJRACTION
COEFFICIENT

«T7TDOU00E+OC
«1DGO00E~CL
«EB2704E+0D
e10UG0JES D
«SDJ3T0E~01
«150u00E+CL
«SBJ27CGE-0Z
«JD0C00E+OL
«cD6L34E+0D
«JDUGOOESDL

«cD6C34E+05

«1DGI0JE+ 2L

«9DU3T0E-OL
«1DCUD0E~C]
«9DG3T0E-01
«10L0000E+01

«9LU3TAE~01

«2LCAU0LELQ]L
«900373E-01
«-DUGUCE+DL

«3DOUUIESDL

«1BLOCCE+D]
«41750GE+»2
«1D02G0OE+ 31
«317584E+ 00
«iDUDCOE+OL
«544 70 CE=0OL
«LDGDOGE+ L
«155592E=~Gl
«750003E«GL

JUNCTION
ELEVATION
(FT)
siscooL '~
CﬂOKE

-e634167E+9C
¢ .

0. .
jd
0.
0
«227083FE4(C1
O
«685333E+:1
4

«585333E+C1
¢

0227083E+11
4]

-e227083E401
n

-el297917€+321
9

0.
0

-e815762E+3]1
4
Ce
0
e86616TE+DD
92

«337T9TE+1

0
«96616TE+00

o

JUNCTION

INERTIA

AFTe=1)

ENTHALPY
INDEX

«840000CE+C]
0

«507420E+01
n

«203298E+82
-0

" e199010F+8R2
9

«ST75875E+8:
0

«575875E+91
a

.272573C032

.2?05515«)2

. 375249E432

.4391406.32
¢

«119000E+D0Y

n
«193380E+02
n
©242230E+02
o
Ge
9

«150220E+03

)

SPe ENERGY

«51266NE+02
"

SPe ENERGY

LO3S COfF,. LOSS COEF.
(FOIWARD) (REVERSE)
COSINE TADJUN
«126500E¢01  o126500E+01
fe H]
«100500E+00  +1005C0E+5D
g. q
«396050E+400  +753630E+09
0. ‘ o
«935960E+400  +I35960E+50
«100000E+01 ¢
«S81834E+01  o581834E491
«100000E+01 on
«£81834E+01  L5R1834E£401
«120000E+C1 * 2
«230250E+00  ,230250E+00D
«16G0030E+01 0
«£3510054C1  o535100E+401
«100000E+0L 5
«127820E+02  4127920E+02
% . )
«%48830E+10  ,438340E¢07
A.p.. ¢ o
*241BY0E+02  <241800E+02
2e “
«31247350E431  <457600E+CH
Je : 2
«1247062401  +4576003£+00
«100000E4°1 ]
2B6ST0E4T2  L2RE500E+52
2. :
«312660E+02

G



€0t

JUN
NUM

46
48
a7
47
48
43
49
49
50

50

51
51
52
52
53
33
54
54
55
55

TO PUMP CHKV
VOL LEAK VALV FLOW
FILL (LBM/SEC)
CHOK  IC MOM JUNCTION
-ING CALC EG. DIAMETER
INDX INDX INDX (FT)
23 0 0 «2229GTE+03
g 2 3 «128890E+01
20 0 0 0.
.5 2 0 «29167UE+0D
27 0 3 O
5 0 0 «338600E+0C
a0 0 0  .591667E+03
5 0 0  .932333£+00
a9 0 0 o591667E+03
5 .2 3 «126557€+01
a8 0 0 «307117E+03
5 2 3 .911430E-01
0 1 0 0.
5 ] 0 +B43B3I3E+00
0 1 0 0.
s o 0 +843833E+00
a6 1 o 0.
5 2 3 .286500E+0C
46 2 0 0. .
5 2 3 .286530E+00
OTAL VALUES FOR FAUSKE-HEM CRITICAL FLOW
DLHEM = L1000E+31
DLHRY = L1000E+21
DLEHRY =  o1400E+31
DLXTFE = +2500E=32

FROM
VoL

VERT
JUN
InDX

48
¢
46

Ut

47
1
2§
1
23
0

37
0
34

F
D U

INITIAL

JUNCTION
FLON AREA
(FTax2)

JUNCTION
ELEVATION
(FT)

JUMCTTION
INERTIA
(FT*=1)

- - - - - > - - - T W " - - .- .- -

CONJRACTION
COEFFICIENT

«434980E+00
«1D0UCO0E+J1
«644700E~C1
«1DGOGOE+O1
«9uU0370E~01
«B848000E+00
«6BUBTOE+OC
«10G000E+G]
«105597€+01
+1DUB0DE+CL

+434980E+0C
«120000E+01
+559250E+60
+1DU0COE+N1
+559250€+00
«1DGG00E+CY
+1BGCUEOL
+1DUGCIUE+01
«1BUGOOEC01
+1D0000E+01

MODEL

suscooL
CHOKE

~e139636E402

0
Oe
0
O
1}
Do
0
-e139536E+02
0

-e235167E+01
0
0.
3
0.
0
Oe
0

0.

]

ENTHALPY
INDEX

0.
0
«151800E+02
0
«510484E+01
.0
Oe
n

0
1
¢252555€6+02
Q
«252555E+02
0
Oe
]

O
bl

SPe ENERGY SP. ENERGY
LOSS COEF, LOSS COEF.
(FORWARD) (REVERSE)
COSINE 1ADJUN
«774326E40¢C «ST7N000E+00
«150000E+01 2
0122526402 «122500€+02
c. [
«415000E+00 «290000E+09
0e 5
+«203750E+00 «203750E00
0o 9
+522590E+00 «6N0000E+00
+100000E+01 B
«2C0900E+90,  «3000C0NE+2Q
«100000E+01 n
«103700E+01 «537L0CE+GO
LIS 2
«133700E+01 «537000€E+C0
0. a
«100CNNE+ DL +1000G60E+01
0. i}
«1CO0GOE+D1

Y

«100000E01



¥ol

INPUT DATA FOR 2 PUMPS.

NUNBER OF PUMP CURVES TO BE READ FOR EACH CURVE SET.

RATED FLOW
(GALSMIN)

16 ¢ 0 1¢
PMP CRV TRP REV OEG RATED SPEED SPEED RATIO
NUM ST D (REV/MIN)
MOT ’ RATED DENSITY =RICT ThRGUE
TRK CCLBM/FT*e3) ZOEFF 2
1 1 3 0 1 «3530UUE+D8
e «387330E+32 .
STOP ‘PUMP AT O,

3 o 1 «3539u0E+)4
«3875%0E+D2

STOP PUMP AT G,

© r

PUMP HEAD MULTIPLIER CURVE

-11 e 0.
«24900CE+0D +800000E+00
«6UO0NCESD D «93T7CIGIESDL
+S6000CE+00 +500D00E+00

PUP TORQUE MULTIPLIER CURVE

-7 Ue Oe
«263008E+00 «560000E+00
«105008E+91 0.

«488993E+00
«152994E+03
SECe OR

«5V00GDVUE«OU
e152994E+03
SECe OR IF SPEED IS GT.

RATEN MOTOR
TORQ (LBF=FT)

+5ILBCOE+ DS
De
IF SPEED IS GT

«5300:00E+04
0.

«103600E+00
+3CINCOE+RD -
«38.000E+0C
+103000E+01

«1000CCE+OC
«800CCUE0O

RATID HEAD RATED TORGUE MOM
(FT) (FT=-LRBF) (L8M
FRIZT TORQUE FRICT TORQUE FRIC
COEFF 3 COEFF 1 ~. COEF
«392700E+03 «A6S50CRE-03 3
«3€3300z-02 ‘a148550€+32 Ce

Jef RPH OR LT

3945037423 °
«300230£=02
8.3 RPM OR LT

0.
«9602N0E+0D
«334300E+10

Oe

0.
-eS60090F+C0

9.0 RPM,

«4650005+03 «3
+144550€+02 (LY
00 RPM, (NO

«15005CE+0C
+40CICIE+C0
«900NGOE+ND

«1593C0E+CC
«9EM30NE+0C

0F INERTIA
=FT2+2)

T TORQUE
F 3

4C00IE+D2

(N0 STOP ON OPTION IF 0.9)

4GC30E+0D2

STOP ON OPTION IF D.0)

«H000J0E-C]
«98CC0LEXGO
«3000CUESDO

«5000C0E=-01
«45CN00E+00
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PUMP CURVE SET

- SET HEAD TYPE

NUM

OR
TORG

NUMBER 1 HAS

NUM
DAT
PTS

10

X

FLOW/SPEED
0.
«593950E+00

SPEED/FLOW

0.
«575540E+00
«863130E+Cu

FL OW/SPEED
=+ 102GOUEDL
-+ 40683CE+00

SPEED/FLOW

-« 19C290E+U1
-e 4553408400
-«907300€=-01

FLOW/SPEED

‘0-
«4118C3E+00
«1009(JE~D1

SPEED/FLOV
0.
«2T17€2E+00
T4 05TEE+0 3
«100C0CUE+)1

FLOW/SFEED
-« 1030GJE+D1
-« 40J0CCE+JU

SPEED/FLOV
-+10000GE+01
=e4000CUE+JL

FLOW/SFEED
0.
«5959520E400

16 CURVES TO BE READ.

Y

HEAD /SPEEDe#2
«18036J0E+01
«1232B0E+01

HEAD/FLOW*#2
-«6700D0E+0CO
0.

«€£326DUE+GY

HEAD/SPEED#22
«247220€+01
«162400E+C1

HEAD/FLOW+2
«247220E+01
«132790E«N1
«1015635E+01

HEAD /SPEED*22
«253UDGCE+DC
«2T6ERCE+DSD
«346SDOE+GO

HEAD/FLDU##?2
¢934279E+C9
«875000E+03
«346600E+00
«3465D0E+0C

HEAD /SPEED##2
" =e10U00GE01
-+500000E-01

HERD/FLDMw*e2
~+1000D0E+01
~e88J000E+00

TORQ/SPEED=»2
»6032D0E+00
+83310GE+00Q

FLOW/SPEED
«190€10E+00
«795020CE+00

SPEED/FLOVW
«20C0C0E+0D
«74432JE+00
«100000E+01

FLOW/SPEED
~«80S740E+00
-e200171£+00

SPEED/FLOW
-eB822970€+210
=e271590E+G0
Je

FLOW/SPEED
«200000€400
«597633E+03

SPEED/FLOW
«910990E-01
«8558T72E+90
«766619€+03

FLOW/SPEED
-e800300E+00
~+200000E+00

SPEED/FLOW
=«80000CE+0DD
~e203C00E2"

FLOW/SPEED
«1930CIE+00
«797820E40C

HEAD/SPEED*#2
«136350E +01
«11336NE+01

HEAD/FLOWw 2
=«50N2CG0E+00
«258300E£+00
«170780E+01

HEAD/SPEED*+2
«20874C0E+01
«147350E+01

HEAD/FLOW w2
«199683E+01
«119490E+01
«934279E+00

HEAD/SPEED*#2
«280070E +00
+45889CE+G0

HEAD/FLOW# #2
«922900E +00
*«84333CE«0D
«346900E+0)

HEAD/SPEED 22

-e630070E410

«1503C00E+00

HEAD/FLOWe»2
-e370000E 400

~«80N0N0E+D.

TORQ/SPCZED##2
«532500E+00
«32290CE+0D

FLOW/SPEED
»38963CE+00
«100000E+C1

SPEED/FLOW
<4900 00E+30
«T7T34R0E+0C

FLOW/SPEED
-e67690C0E+00
0. ’

SPEED/FLOV
-e633320E40N
-e177160E+0C

FLOW/SPEED
«4020000E+00
.792467E+ 06

SPEED/FLOMW
«186519E+00
«574436E+03
«871471E+02

FLOW/SPEED -
~o600000E+00
0o

SPEED/FLOW
~e60COOCEL+O0
Dl

FLOW/SPEED
«393000E¢00
«1CGCR2CE+D]

HEAD/SPEEDw#2
+131860E+01
+10078CE+01

HEAD/FLOW#»2
-=e250000E+00
+3778C0E+00

HEAD/SPEED#**2
«183104E+01
«180260E¢ 01

HEAD/FLOW**2
«158970E+ 01
«126050E+91

HEAD/SPEED# 22
«340000E+90
«659200E+25

HEAD/FLOW®e2
" «R96300E+230
«835530E400
+88380GE+0C

HEAD/SPEED#*«2
~e300000E+UG
«250330Es 2N

HEAD/FLOW=#2
~«95909CE+20
~e6T70GOUE*IU

TORG/SPEEDw~#2
«736900Es 20
«96728%E+]0



901

-4

SPEEJ/FLOW
Ge

« 713725SE+0U
«10JU0UE~D]

FLOW/SPEED
- 1030GGUE+D1
-+ 40586CE+00

SPEED/FLOV

~e15300CE+D1
~e45353E+0C
=e89313LE=i1l

FL 0“»-'SPE,ED
Ue :
«1335)UZ+91

SPEED/FLOW
0.
«273470E+00
71616 IE+D G
+1C00DIE+0L

FLOW/SPEED
-« 1C0GO0JIE+OL
0.

SPEED/FL_OW |
-« 1C0GOJE01"

0.

TORG/FLOW* 2
-e67CGDCE+QD
«52E5B6E+OL
«96712D3E+C0

TORQ/SPEEDw*2

¢19E430E+01 .

«8220DOE+D0

TORQ/FLDW**2
«198430E421
«155700E401

. e13€810E4G1

TORG/SPEED»*2
-+45CUDOE+D0
«3569D0E4R0

TORQ/FLUW*»2
«123361E+i1
«10G3160E+01
«613400E+00
«3555DuUE*IL

TORG/SPEED*=2
-«10008CE+D1
=+4500D0E*00D

TORG/=LON**2
~e100000E+D1
-«6T0CHO0E*OT

SPEED/FLOW
«4G0000E~0C
«768049E+00

FLOW/SPEED
=eBBI96NE+ID
=e1992380E+00

SPEED/FLOV
~e822340E+00
~e26T023E+00

Ce

FLON/SPEED
«412000E+00

SPEED/FLOW
«9i06430E-~-01
«458669E+00
«768520E+00G

FLOM/SPEED
=¢3L0000E+00

S3PEEN/FLOW

~«25N00CE+0D -

TORG/FLOVS 2
=e250090E+0N
eSPE5IGESGO

TORQ/SPEED»#2
«13947C0E+0)
«66483CE+QN

TORI/FLOW* #2
«183%80F 4N
e16436203E+01
«123361E+01

TORI/SPEED #22
~e257000E+02

TORI/FLOW*#2
«119650E+01
+89580CE+00
«5849N0E+00

TORI/SPEED*»2

-+20C)00E+00

TORB/FLOW##2

~+300733E+00 "

SPEED/=LOMW
«500023E+00
oBET23LES N2

FLOW/SPEED
-eB60NE3IRDESDD

Ce

SPEED/FLOW
~e6IJTLRESDOD
~el761TE+ 3D

FLOW/SPEED
«52CDNC40S

SPEED/FLOW
«188569E+ 0D

«STA4EUESCE
o8 T0USTESDY

FLOW/SPEED

~e130050E+00

SPEED/FLOV
=«B800003E-01

TORQ/FLOW*»?2
«157CJCE+T0
«74366CE+30

TORQ/SPEED*#2
«173750Een1
6032205430

TOINAFLOU*# 2
«168247C+ 01
«13879-E£¢ 11

TORA/SPEED#+2

-
de

TORA/FLOW2.
«11U965E+31
«735720E401
«457720E+00

TORQ/SPEED*#2
-«B0G005E+DDO

TORG/FLOW##2
-+830000E+00



L0l

PUMP CURVE SET

SET HEAD TYPE

NUM OR
TORQ

1 1 1

1 1 2

1 1 3

1 1 4

1 1 5

1 1 6

1 1 7

1 1 8

NUMBER 1 HEAD CURVES FOLLOW%

NUM
DAT
P1S

10

X

FL OW/SPEED
0.
+593960E+00

SPEED/FLOW
. :
«575546€+00
«B63130E+0C

FLOV/SPEED-
-+ 100000E+01
-« 406B30E+00U

SPEED/FLOW

-« 100000E+01
-« 455340E400
~+907300E-0G1

FLOW/SPEED

Ve
«411800E+03
«1000G0E+C1

SPEED/FLOW

Oe
«271762E+00
«740576E+CU
«1030G0E+01

-FLOW/SPEED

-+«100003E+01
-« 4000COE+00

SPEED/FLOM
-+ 120000E+31
-« 400000GE+J0

Y

HEAD /SPEED w22
«140360E+0]
«1232B0E+01

HEAD /ZFLOW#»2
-«670000E+0C
Oe.

«632600E+00

HEAD /SPEED**2
22647223E+01
#«1624DCEC]

HEAD/FLOW*+2
»247220E+01

+132780E+01

»101560E+01

HERD/SPEEDw»2
»25U0D0E+0D
+2768B0E+CO
»946500€E+0C

"HEAD /FLOW**2

«9334279E+00
+»875000E+GC
‘'s8466DCE+03
»9465DUE+CC

HEAD/SPEED#«2
-+1000D0E+01
~25000D0E-01

HEAD /FLOM#**2
-»1000D0E+0]1
~+880UDVE+OD

FLOM/SPEED
" «190610E400

«790200E+09

SPEED/FLOW
«200000E+00
«T44320E+C?
¢1200003E+C]

FLOW/SPEED
~+805740€+00
-e200171F¢0C

SPEED/FLOMW
-e822973C+00
-e27109%E4C0
0.

FLOM/SPEED
«200000E+0D
«597630E+CC

SPEED/FLOW
«912990E-21
«455872E+030
«TE6619E400

FLOW/SPEED
~«800000E+00
-+200000E+00

SPEED/FLON
-+800000E+20
=«20000%E+00

HEAD/SPEEDw*2
«136360€£+401
«113360E+01

HEAD/FLOW®#2
~e500000E+00
«258300E+00
«100780E+01

HEAD/SPEED =22
«204740E+01
«147950E+01

HEAD/FLOW*#*2

«199580E+01
«119490£+01

e334279€+00

HEAD/SPEED#=2
«2ACONOECOD
«458400E+00

HEAD/FLOW®+2
«922930E+00
«843300E+00
«346900E+0C

HEAD/SPEED *#2
-«530000E+00
«150000E+00

HEAD/FLOWw#2
~+3700N0E+CO

-.80C000E+00.

FLOV/SPEED
«3R9630E+90
«100000E+31

SPEED/FLOW
«4NPONJOESDD
«773480E+00

FLOW/SPEED
-e606900E+00
a..

SPEED/FLON
~e633322E+00
=e177160€¢00

FLOW/SPEED
«4C0000E+0C
»793467E+ 00

SPEED/FLOW
«1865C3E+00
«574456E+00
«871471E+00

FLOW/SPEED
-e6200CIES00

" D

SPEED/FLOW
=«670000E+00
O -

HEAD/SPEED##?2
«131860E+91
«100780E+01

HEAD/FLOW®22
~e250000E+00
«377800E+00

HEAD/SPEEDwe2
«183100E+01
«14036CE+91

HEAD/FLOW#*2
«15897CE+01
<106050E+01

HEAD/SPEED#**2
«34C050E+00
«6992006E+00

HEAD/FLOW**2
«896300E+00
«835500E+00
«88380CE+00

HEAD/SPEED* 2

-«393090E+00
«250000€+00

HEAD/FLQUW##2
~e95000CE+00
~ebTCUSOE+SC



801

PUMP CJURVE SET NUMBER

SET HFEAD TYPE

NUM OR
TORG

1 2 1

1 2 2

1 2 3

1 2 4

1 2 5

1 2 6

1 2 7

1 2. 8

NUM
CAT
PTS

io

1 TORGJE CURVES FOLLOw.

X

FLOW/SPEED

" Do

¢59552DE+00

SPEED/FLOW
De
. 7137255€+00
«100000E+01

FLOW/SPEED
-« 120000E+01
- 84)6860£+00

SPEZD/FLOW ~
=« 1000 30E+01
~e 458530E+00C
~e533130E-01

FL OW/SPEED
de
«100030£+01

SPEED/FLOV

Oe
«273470E+D0
«7381E0E+00
«100020E+91

FL OV /SEED
-«100030E+31
o.

SPEED/-LOW
-+100000E+01

Ge

Y

-TORQISPEEDt'2

+6032D0E+0C
+833100E30

TORG/FLOW+ 22
~«6T00DCE+OU
«5265B6E+00
«IET200E+00

TORG /SPEED*#2
+198430£+01
«8Z220B0E*Q0

TORQ /FLONe#2
«198430E+01
«1S57D0E+0L
«124810C+01

TORG/SPEED#»2
-«4ECUDOE«QQ
«3E69DLEQD

TORGAFLDW 2
e123361€+01
«1(416CE+G1
«6134009E+00
«3569D0E+UC

TORGFSPEED*+2
=el GLOBOESGL
~«4500B0E+00D

TORQ/FLOW+e2
~«10U0BUE+D]
-e6T00D0E+(O

FLOW/SPEED
«193000E+90
«797820E+09

SPEZED/FLOV
«300007E+0D
«768049E+0)

FLOW/SPEED
-+300960E+00
~e199280E+00

SPZED/FLOVW
~e322340E+07
<e267023E+400
0.

FLOW/SPEED
«2000GNE+ND

SPEEO/FLOV
«906430E-01
«858669E+00
«768520E+0C

FLOW/SPEED

=«350000E+00C

SPEED/FLOV
-e«250000E+00

TORA/SPEED**2
«632500£+00
+922900E400

TORQ/FLOW»a2
~e250C00E+02

«606594E+00

TORQ/SPEED #+2
«139400€+01
«664300CE+00

TORI/FLOWw 2
«183780E+01

«143620E+01

«123361E+31

TORQ/SPEED w72
~e250020E+09

TORQ/FLOV#2
«119650E+01
«895800E+400
+584900E+00

TORQ/SPEED s 2
. =«9DICIIEL0L

TORQ/FLOW# #2
~+300000E+00

FLOWZSPEED
«393CG0E+00
«100C00E+01

SPEECAFLOW
«S00600E+00
«B67230E+00

FLOM/SPEED
~e60EX8IE+00
o'

SPEEC/FLOM

 =e633710E+00

~e176€107E+00

FLOW/SPEED
«50CCONES00

SPEED/FLOW
+188569E+00
+573£80E+00
«87005TE+0C

FLOW/SPEED
-e100000E+ 00

SPEED/FLOV
~<B008005-01

TORQ/SPEEDe =2
¢ 736900E+00
e96T200E+00

TORQ/FLOW#»2
«15000NE«00
+ 7436605400

TORQ/SPEEDw 2
-+109750€+01
*603200€+00

TORG/FLOW*#2
+168240E+01
+13879CE+01

TORQ/SPEED**2
0e° .

\

TORQ/FLOV*«2
«110960k*"
«T8073CE+00
«8487700E¢00

TORQ/SPEEDw«2
~»590000E¢00

TORQG/FLOW®®?2
-«A00000E+00



601

PUMP CURVE SET

SEY HEAD TYPE

NUM- CR
TORG
a3 1 1
a 1 2
3 1. 3
3 1 1y
4 1 5
3 1 6
3 1 1
4 1 8
4 2 1

NUMBER & HAS

NUM
DAT
PTS

19

10

10

X

FLOMW/SPEED
0.

«S00000E+LY -

«100000E+61

SPEED/FLOM
C.
«30000VE*00
«9000020EsC T

FLOW/SPEED
-«100C0:3E+01
-« T00GGIEGE
-« 4J03CO0E+0C
a.

SPEED/FLOW

" =e100000E+0L

-« 7T00C0JECD
~¢é35006G0E+00
o.

FLOW/SPEED
0.
«600000E+00

SPEED/FLOM
O«
«4000CUESUD
«700000E+D 0
«10CO0CUE~DL

FLOW/SFEED
~+«1000C0E*01

SPEED/FLOM
~+100000E+DL

FLOW/SFEED
e .
«595520E+00

16 CURVES TO BE READ.

Y

HEAD /SPEEDw=2

0.
«1020D0E+O2
«1000LGE+0L

HEAD /FLOW##2
Ce i
«100000E+0O
«8C00D0E+OC

HEAD/SPEED#+»2
~«1160D0E+01
~e2360D2E+01
~e26700CE+DL
Oe '

HEAD/FLUOV 222
-«11600CE+DL
-¢3100D0GE+DD
S.

. »11U0DGE+OD

HEAD /SPEED#*2
0.

-+9300D0E+0D

HEAD /FLOM 822
»11J300E+D0
+13006DCE+00

-e2300DGE+0D
~el470DiE+01

HEAD /SPEED *#2
Oe

HEAD/FLOW#e?2
Oe :

TORQ/SPEED»#2
«6032D0E+00
«8331D0E+00

FLOW/SPEED
«100000E+00
«700000E+00

SPEED/FLOW
«100002€+00
«4000GOE+GO
«10000CE+D1

FLON/SPEED

~+900000E+90
-«600000E490
-e250000E+00

SPEED/FLOV

-«900000£+00
-«600000E+20
-¢20000CE+00

FLOVW/SPEED
«200000E+00
«800000E+0C

SPEED/FLOV
«1000020E+0C0
«500000E+00
«800000E+00

FLOW/SPEED
'

SPEED/FLOV
Ge

FLOW/SPEED
<193000E+50
.797820E+00

HEAD/SPEED#»*2
«83002CE+DD
«101000E+01

HEAJ/FLOWe 22
-400300€-C1
«210070E+00
«100000NE+N]

HEAD/SPEEDw##2
-e124000E+01
~e279000€E+01
-e169030E+01

HEAD/FLOW##2
=«78000CE+L0
=e170000E 00

«500000E-01

HEAD/SPEED *»2
=e340000E+00
=+¢119000E+01

HEAD/FLOWS#2
«1302N0E+00
«7035330E~C1

=e510070E+03

HEAD/SPEED»+2

e

HEAD/FLOW® *2
0.

TORZ/SPEED*a2
«632500E+0C
-922900E+00

FLOMW/SPEED
«2700C0E+00
+900000E+00

SPEEQ/FLOW
«200000E+00
«800050E+0C

FLOW/SPEED

-«B80007°0E+00

=«500000E+00
-«100000E+00

SPEED/FLOW

-«800000E+00
~+5C0000E+00
=¢«100QC0E+00

FLOW/SPEED
«400NCCELOC
«100000€Es01

SPEED/FLOW
«250000E+ 00

«60C00CE+CO "

«930030E+0D
FLOW/SPEED
SPEED/FLOW

FLOW/SPEED
«393000£403%
«100000E¢91

HEAD/SPEED#»«2
. «109000E+01
«940000E+00

HEAD/FLOW =2
O
«670000E+OO

HEAD/SPEED#»«2
-¢17700CE+ 01
-+29100CE+ 0}
~«5C0000E+00

HEAD/FLOW##2
-+500300E+080
-«BIG000E~01

«800000E-21

HEAD/SPEEDw#2
~e650000E+4
-+147300E+01

HEAD/FLOW ##2
«150000E+00
-.805C0CE-01

T =e910J00E+D0D

HEAD/SPEED##2

HEAD/FLOW##?2

TORQ/SPEED##2
«736900E+3C
«96720CE+0"



oLl

o

us

10

SPEED/FLON
0-_
« 737255E403

© «100U0UE+UL

FLOW/SPEED
~e10G000E+0L
-~ 4CEB6CE+0T

SPEED/FLOW

-e100CORESTL
- 458530E+0)
-« B93100E-01

FLOW/SPEED

Ve

«1GUODDE+GL

SPEED/FLOM
0e .-

«273470E+0 3
«738165%E+03
«1000QGE+CL

FL OW/SPEED
-<10000JE+01
Ge

SPEED/FLOW
-«108003E+01
0.

| TRQ/FLON=2

=«6703D0E-0C
«5265B6E-00
«9672DUE=DC

TCRQA/SPEED3+2
«193439%E+01
«822CDUE+GD

TCRU/ZLOW+2
«1923430E+01
S15370UE+01
e133B10E+31

TCRA/IPEED*»2

~e4S5LUULELLY
«352900E+00

TCKG/ZLOWw+2
e1223B1E+01
«1031BUE+01
«61240GE+0L
+35Z90GE+GG

TCRG/SPEED**2
-e10L0DCE»01
~e4SUUDUESQL

TCRR/FLOW#R2
~«lCCOLGE®OL
-e67OODUE®DD

SPEZD/FLOW
+400000E+00
«752049Z+4(0C

FLOW/SPEED
-e807960E+0C
-¢139280E+00

SPEED/FLOW
~«822340E+00
~e2BT7023E+00
Je -

FLOW/SPEED

«430000E+ 0

SPEED/FLOW
+906430€=-01
«458669E+0D
o THB5ZNE+IT

“LOM/SPEED
-«3:00000E+00

SPEED/FLOW
-« 25C000E+00

TORA/FLOW*#2
=e250090E+00
«506594E+00

TORG/SPEED*#2
«139400E+71
«66483J0E+0C

TORG/FLOMw®2
«183380E+01
«143620€+C1
+«123361E+C1

TORQ/SPEED ##2
-+256300E+40

TORQ/FLOW*#*2
+119650C 01
«E95300E400
«3R49ILEDD

TORG/SPEED#*+2
=+900300E+00

TORG/FLOWe#2
-+300390E+C0

*

SPEED/FLOW

.5000H0ES0N

«BET220E+00

TLOW/SPEED
~e6363RES N
j.

SPEED/FLOV

~eb33TLCESCD
~e1761272421)

TLNV/SPEED
«SONCANESGO

SPEED/FL3W

«188569E+ 08

«574489E+2310
«87GCSTEDD

FLOW/SPEED

-+100000E+ 00

SPEED/FLOW

~+80090GE-01

TORQ/FLOW##2
«150000E+00
¢ T84366:3€+2%

TORQ/SPEEDe#2
elua75nze i}

SAT3200E00T .

TORQ/FLOW#*#2

«168242E+D1

«138790E+71

TORQ/SPEED= =2
').

-TORQ/FLOM*2

«110960E+D1
«780700E+0G
«4BTTINDECNG

TORQ/SPEED~+2
=«500000£+00

TORQ/FLOW®*2
~«800000€+00



Lt

PUMP CURVE SET

SET HEAD TYPE

NUM DR
TORG
8 1 1
4 1 2
4 1 3
IS 1 4
a8 1 5
4 1 6
3 1 7

NUMBER

" NUM
DAT
PTS

10

10

4 HEAD CURVES FOLLOW

X

FLOW/SPEED

Go
+500000E+00
«100000E+01

SPEED/FLOM
Ge ~
«300000E+00
«90C000E-0C

FLOW/SPEED
-«100000E+01
=+ 700000E+00
-« 400000E+00
Ge

SPEEQ/FLOW
-¢10000G6E+01
-« 703000E+00
+~e3500CIE+GG
Ge

FLOW/SPEED

&.
«600000E+30

SPEEO/FLOW

Q.
«40G00Q0E+0D

«700G00E+00.

«100000E+D1

FLOW/SPEED
-«100000€+01

SPEEO/FLOW
~«150000E+01

Y

" HEAD /SPEED+#2

Oe

«102GD0E+01"

«10U0DUE+OL

HEAD /FLOWe+2
De
«100000E+00
«8000D0E+00

HEAD /SPEED#»2
-¢1160DUE+91
~+2360DCE+O1
=e267000E+01
0.

HEAD /FLOW =2
-e1160D0E*01
~e3100DUE-0QD
0.

«110uDbuE+0D

HEAD/SPEED2#2

0.
-e3300DUESDD

HEAD/FLDW##»2
«1100BJE+00
«1300B0€E+00

-+2300D0E#00
-e147GD0ESD1

HEAD /SPEED*#2
0.

HEAD /JFLDMW##2
Je

FLOW/SPEED
«100000E+nC
«700009E+00

SPEED/FLOW
«100000E+20
«400000E+0"
«100000E+01

FLOW/SPEED

-«900009E+30
~e600CO0E*SN
-+250000E+00

SPEED/FLOV

" =«900009E+00

-.600007E+0C
-.2G0000EsOP

FLOW/SPEED

. «200000E+DC

«800GCIE+TD

SPEED/FLOM
«1000G0E+00
«500000E+090
«800000E+0?

FLOW/SPEED
3e

SPEED/FLOW
G.

- HEAD/SPEED*#2

«8333N0E+00
«101000E+01

HEAD/FLOW®»2
-e400NNNE-T1
«210500E+0C
«100000E+01

HEAD/SPEED**2
-e«124030E+01

-e279000E+61

~e169000E+01

HEAD/FLOW##2
~e780700E+00
. =«170COCE+0D

«5N00%0E-01

HEAD/SPEED *#2
-«340000E+409
~e119000E+01

HEAD/FLOM# 2

«13000CE+00

«709070E=01
«¢510030E+00

HEAD/SPEED #+2
0.

HEAD/FLOW®#2

0.

FLOV/SPEED
«209000E+09
«900005E+00

SPEED/FLOW
«200000E+00
«BGOOO0OE+DD

FLOW/SPEED

-«800000E+00
-500000E+0C
-«1000G0E~LN

SPEED/FLOM

~+800900E+00
-«5000C0E+20
-+ 100000E+00

FLOW/SPEED
«4N00I0E+00

«10000CEsDL .

SPEED/FLOMN
«250000E+03

- «60N00NE+QO
«9300070E+ D

FLOVW/SPEED

SPEED/FLOW

HEAD/SPEED#*»2
«109000E+01
0940000E00p

HEAD/FLOW*#2
0.

«670000E+00

HEAD/SPEED#w2
~¢177000E+01
-e291000E+01
=e«500300E+00

HEAD/FLOW®«2
-e5U0000E+30
-«800000c~31

«800C00E-01

HEAD/SPEED#* 22
=e650000E+ Y
-e187600GC+ 01

HEAD/FLOW 22
«15C0CIESCTD

-+400000E-01
-.913009E+42

HEAD/SPEEDw*2

HEAD/FLOW#*#2



¢l

SET HEAD TYPE

NUM 2R
ToRQ

4 2 1

4 2 2

[ 2 3

4 2 4

4 2 5

q 2 6

q 2 7

4 2 8

Ny
DAl
PTS

1]

¥

FLOW/SPEED
Oe

¢59552CE+0C -

SPEED/FLOW
Oe-

e T3T255E+GC
«100U00CE+01

FLOW/SPEED

-e13000CE+401-

e 486860720

SPEED/FLOW
- 1000306401

-e8585302+00

-+ 893106E-01

FLOW/SPEEZD

Q. .
»100000Z¢0C

SPEED/FLOV

o. )
«27347CE+CH
+T353169E+08
+1C00CLE+DZ

FLOW/SPLED

-+ 1G000UE+DS1 -

SPEED/FLOW

-« 1G000DE+0L

0o )

PUMP CURVE SET NUMZIER 4 TORGUE CURVES FOLLODW,

Y

T0RQ/S EEDas2
+60320CE+00
+8331DUE00

TORQ/F_DWw#n2
~e6T70UDUE«DD
«526586E430
«3672D0E400

TORQ/SPEED##2
»198830E+01
«B822GL0E+ 0D

. TOXQ/FLOW®2

«19843CE«01

«1557D0E«01L

+134810€4+01

TORQ/SPEED#»2
-e453UDIE+00

«3569DGE+00

TORQ/FLOV#+2

«123361E-C1

«10415GE-01

«a134D0E-00
«356900E-00

TCRA/SPEED=#2

-«10G0D0E~-01-

~e453000E~0D

TCRA/FLOW#*»2
~«10J0DJE+B]
-e6T7I00CE+D0

FLOV/SPEED
«193G0IE+00
e 797820E+CC

SPEED/FLOV
«405300E+00
o768049E+0C

FLON/SPEED
-¢879963E+00
-e199280€+00

SPELD/FLOM
-e822340E¢G0
~e257023E400
6.

FLOW/SPEED
«43000DE«QC

SPEID/FLOW

+9364305-01
«45B669E40L
«758520F+.09

FLOW/SPEELD
~«300000E+00

SPEED/FLOV
-+250000E+00

TORQ/SPEED**2

«632500E+080
«322900E+00

TOARG/FLOW**2
-a250700E+00

«E06594E+C0 .

. TORG/SPEED+#2

«139400E+01
«£64500E+C0D

TORS/FLOW# 2
«183380E+C1
«1436208 +C1
«323361E+01

TORQ/SPETD#*2
-e253000E400

TORA/FLOW®#2
«119650E+01
«895800E+06
«384990F+0)

TORA/SPEED**2
-e3N0DACCESND

TORA/FLOW#*2 .

=+300000E+00

FLOW/SPEED
«393000E+00
«100000E+01

SPEZED/FLOM

«300000E+0C |

«867230E+400

FLDW/SPEED
-«606389E+00
ta .

SPEED/FLOMW -

~«633710E+00
=»1761CT7E+00

FLOW/SFEED

\5000C0E+00 -

3PEED/FLOV

+18B5€9E+00
+5744E0E+00
»8 7005 7E+0D

TLOW/SPEED
~e170500E4090

SPEED/FLOV
-«80C030E-01

TORG/SPEEDw#2
+T36300E+ 90
2967200E+00

TORQ/FLOW®*2
«15000CE+00
+74366CE+ 00

-TORQ/SPEED**2

«109750E¢01
«603200E400

TOG/FLOW**2

- »168240E+01
«13R797°E+01

TORQ/SPEED# 2

S P

TORA/FLOWA®2
«110960Ee"™:
« 73G700E+00
«48TT03E+00

TORQG/SPEEDw#2
<+ S230)0g+00

TORQG/FLOWRe2
=e850C0ONESCO



gLt

PARAMETERS FOR 1 CHECKVALVES.

VALV TRIP AREA LATCH BACK PRESSURE FORWARD

NUM  ID TABL FLAG FOR CLOSING FRIC.

1 25 0 g «1G0000E+01 C.

PARAMETERS FOR 1 LEAKS.

LEAK DATA TRI® SINK TIME OR
NUM- PTS 19 PRESSURE AMGLE
1 -3 2 J430003E402 G

OPEN REVERSE
COEFF. FRIC. COEFF.

Ce

AREA

0.

0.

TIME OR
ANGLE

«175700E-01

CLOSED REVERSE
FRICe COEFF,

AREA

«110009E+401

_ TIME OR

ANGLE

©236009E+03

ARTA

«100000E+01



pLL.

Ul & P

1

DATA FOR

FILL TYPE

PRESSURE
(PSI)

0o
2,0000000+03
&,000900D+03

- 64000103D+012

7500200D+01

FILL TYPE

PRESSURE
(PS1)

1.,0000000~02

FILL SYSTEMS

TRIP ID FILL >RESS
: (P31
6 1.600004D+02
FLOM RATE
(LB/SEC-FT2:
2.381403De02
2.3121760+02
242152590402
2.0768350+0:
1.8691240D¢02
TRIP IC FILL PRESS
(FsIH
4 . 1.:000330+02
FLCV RATE
. (LBASEC~FT2)
2.3£14G3D+0)

D ® -

FILL ENTHALPY
(ETL/LE)

5.82R8£12D+C1

AIR FRACTION

t\, -

*v FILL TABLE o+

PRESSURE
(1PSI)

9.7802)0D+C1
1.120000D+02
1.25C090D+02
1.3700G0D+52

FILL EMTHALPY
(BTO/LB)

5.8284120+01

o2 FILL TABLE #e

" PRESSURE
[PST)

FLOM RATE N PRESSURE
(LE/SEC-FT2) (PSI)
1.4337630+ 11 1c 15500000402
1.176856D0+°C1 11 1.57600C{p+C2
1.0245570+01 12 1.5906%°0D+02
8.7225810+00 13 1.5000000+02

AJR FRACTION
"3.

FLOW RATE N PRESSURE

(LB/SEC-FT2) (PST)

24381403D+00

exe YARNING wne

avt YARNING =ww

wde YARVING weow

11 10

2 3.0)0000D+03

POSSIBLE INITIAL INTHALPY JIMBALANCE

“HE JUNCTION ENTHALPY CALCULATED LIES OUTSIDE THE RANGE OF THE TkD VOLUMES IT CONNECTS.
d VMOL.A VOL,.B HeWY) HIVO.eA) H(VOL.R) ’
¥ 8 I 5e33€E6TE4D2 5,33662-+02 5433665£402

POSSIBLE INITIAL INTHALPY IMBALANCE )
THE JUNCTION ENTHALPY CALCULATED LIZS OUTSIDE THE RAMGE OF THE TWD VOLUMES IT COVNECTS.
J VOLeA VOL.B . HiW) ‘HIVOLeA) H{VOL.B)

1% 9 10 5433663E+02 S,336552¢6G2 5,336647+02

POSSIBLE INITIAL ENTHALPY IMBA_ANCE

THE JUNCTION ENTHALPY CALCULATED LIZS CUTSIDE THE RANGE QF THE TWO: VOLUMES IT CONVNECTS.
J VOL.A VOL.3 ) Hig) HC(VOLeA) H(VO_«B)
11 5.33665E~D2 Se33554E4CZ 54336635+92

FLOW RATE
(LB/SEC~FT2)

55381470400
4.15361004+0C
247692730+9¢
0. ’

FLOW RATE
(LB/SEC-FT2)



SilL

JUNCTION DATA ACTUALLY BEING USED.

JUN FROM
NUM  VOL
1 2
2 1
3 1
8 3
5 4
6 5
7 6
) 7
9 8
10 9
11 10
12 11
13 12
16 13
15 18
16 14
A7 15
18 16
19 17
20 18
21 19
22  4¢
23 21
26 22
25 49
26 24
217 21
28 25
29 26
30 27
31 37
32 28
33 29
39 30
35

T0
voL

21

PUMP
LEAK
FILL

ooooo

(= =% —

]

(= SR )

CHK
VALV

CCOO0O COCOOO OO OO0 VOO0

coQaoo

oovoo

INITIAL
FLOW
(LBM/SEC)

«591567E+03

«591667E+03
o L] N
«591667E+03
«591567E+03

«591667E+03
«S91567E+03
«591667€+03
«591567E+L3
«591667E+03

. e991667E+03

«591667E+03
059166 7E+ 03

«$91667E+C3
¢297360E+03

«2938G7E+03
«29736DE+03
«293337E+03

+297360E+03 -
«293307E+03.

+59166TE+03
+59166TE+03
+284551£+03
+36876GE+03
«59166TE+03

+591567E+03

«284551E+63

0.
e
0o
Oe

JUNCTION
FLOV AREA
(FTeex2)

#48GU00E+CO
©682700E«30
@68279%0E+CD
©660887E+00
%358820E+50

«682704E+00
©556000E+030
0162621401
#162621€E+01

©162621E+01

«162621E+01
«5560C0E+00
6B2704E+C"
a6B82704E+05
«394063E+00

«394063E+00
«394063E+00
«3940635+00
#3340635+00
2394063E+G0

«66088T7E+00

-e682704E+CD

“869960E+CH
«869960E+00
«135600E+C1

«785400E+00
4682704E+00
#682704E+00
#581423E+00
%253160E+00

4705C00E+GO

«€6B2704E+00

%903370E-ul
+906370E-01
22C6034E+00

JUNCTION
ELEVATION
(FT)

~e973032E+00
0.
Oe

0.

0.

Oe
«151011E+01
«281219%+ 21
«956219E+01
«956219%+01

«281219€+01
«151011E+C1
-eQ87437E+00
-¢382994F+01
=e212160GE401

-e21216J3E+01
Oe
c‘ L]
D
Oe

De
0.
~e235167F+01
-«139636E£+02
-e122600E+02

-.283803F+01

Qe

Ge
Se

Ce

~e634167€+C0

Ue

n.
«227083€+01
«685333E+01

JUNCTION
DIAMETER
(FT)

«901000F+0¢C
«932300E+00
«932300£+00
«932333E+30
«675917£400

«332333E+00
«901670E+0N
«143894F+81
«143894E4+401

«143894E+01°

e143894F+C1

«901673E+C0
«932333E+0C
«932333E+00
»708333€+C0

- »708333E+00

»708333E+30
»708333E+00

«798333E+60
'»708333E+00

«932333£400
«932333E+00
«911850E+50
«128890E+01
«203800F401

«10000NE+01
«932333£+095
«33233324+00
«338600E+03
«S67750E+00

«944070C2+09
+932333E+02
«33858354+00
«3594172+00
«527819€+00

LEAK
CONTRACTION
COEFFICIENT

«100000E+D1
«10J000E+921
«10000%E+01
«100000E«01
«1000C0E+D1

«1000020E+D1
«100000E+01
«1000NCE+0L
«100200E+01
«100000E+01

«103000E+01
«100000E+01
«100000E+01
«100000E+01
«1090C0E+01

«100000E+01

«1003000E+01 .

«100030E+01
«10C000E+01
«100000E+01

«1GJ9N0E+21
«10000C0E«0D1
«1CGC0C0ES0]
«103700E+D2
«1CINQ0E*D]

«100000E+91
«100000E+01
«10900GE+01
«123N0CE+N]
«100000E+31

«100MN0E0]
«100090E+01
«103000E+01
«100000E+31
«100900Ee01

~



91l

JUNCTION DATA ACTUALLY BEING USED.

JUN FROM
NUM o VoL
36 32
37 33
38 34
39 35
40 3¢
41 48
42 29
43 26
44 43
43 41
46 48
47 46
48 47
49 24
50 23
51 37
52 44
53 45
54 ¢

55

10 PUMP
VOL LEAK
FILL

33 b}
34 1
35 '}
36 3
45 d
22 0
39 0
18 ]
46 0
4 0
23 0
26 6
27 0
40 ]
49 1]
48 0
0 1
0 1
a6 1
a6 2

CHK
VALY

Do o

[+

[~ <N N~ orouw

(OO AN ~ e Y )

INITIAL
TLOW
(LBN/SzC)

Ce
e
Qe
Qe
Ce

«84209¢LE+02
Ge
Ge
Oe
Je

«22290TE+03
0.
e
«59166TE+05
«591667E+03

«3D7117E+03
O
De
Be
Oe

JUNCT IOM
FLOM AREA

(FIw*e2)

#206034€400
%99C370€E-01
«90037GE-G1
2900370E=-01
«906u373E-C1

©30G0C0EsCT

2417505E+00
2417584E+00
«644700E~01
»155592&-01

434980E+00
»644700E~01
»90U370E-C1
«660870E+09
»1G5597€+01

.»434980E+00
»559250€E+C0
»559250E+00

8o
VI

JUNCTION
ELEIVATIAN
(FT)

«685333F+01
«227583E+01

~e2275835¢ 101

~e3979176+C1
GI

0'
246616T7E+20
+3377975+01
v4661675+00

-+139635E+02

-+139536Ee02

=+235167E+01
Oe
G
Ne
' I

-»815762F+C1

JUNCTION
DT4METER

(£7)

«$278155+D0
«259417£+29
22594177430
«259417€+20
«239580E+7P

«195441E+21
«T083C0ES2D
«TC8333E+2C
+286500€+3¢
«14075GE+30

«12889GE+ L
«291670E+:0
«338600E+20
«932333€+40
«12655TE+)1

«P11450E-31
«B43833E+100
«BA4383I3E+S
«ZB6SOBESDD
. «285500E+20

LEAK
CONTRACTTON
COEFFICIENT

«10000CE«3L
«103030E+01
«10)0CJE+2]
«109000F«11

«10903"ZeN]

«100000E+0]
+130100E+01
«100C00E«01
«100C00E«GL
«7500CRE«00

- «133000E+01
«100C20E+01
«848000E+00
«1060C00E+01
«100000E+01

«103000E+91
«100000E+01
«100000E+01
«100090E+01
«100000E+01



L11

JUNCTION DATA ACTUALLY BEING USED.

JUN VERT CHOK

NUM

" 1c

JUN -ING CALC
INDX INDX INDX

MmO COQHRE HREROQOSO QR CHO ONCHP e

CC o

ooy oo

QU oo ur

[, S, S S, N0 ] [, 05 S, I NG )

[N NG RS N

DN [ AN S~ - ] MAnNA A R -N-F-N-] oomoo

- o

w O

Qooan

MOM

EGe
INDX

[N -¥-X7 N3] oW WWD ©C O e oo Cfnc-c:e oo

COO OO A

JUNCTION
INERTIA

«162823E+01
«51730U0E~01
«4741G0E+01
«674485E+01
«830351E+01

«521630E+01
«188298E+01
«216404E+0L
«310539€+01

«310539E+01

«216304E+01
«127120E+01
«604346E+01
«958135E+C1
«170096E+02

«170096E+0C2
«182935E+02
2144217E+C2
«128504£+02
«837363E+C1

«510484E+01
«3947T76E+C1
«694089€+01
«575728E+01
«164686E+01

«175689E+01
«391683E+01
«547GBO0E+O01
«111100E+02
¢116155€+02

«40G030E+UL
«507420€£+01
«203298E+02
«199010E+C2
«S75375€+01

ENERGY

LOSS COEFe
(FORWARD)

«6481CUE+GD
#913400E+00C
«309500E+ 0D
«514000E-01
0227800E-01

2672200E+00
#153061E+(C1
+35840GE+00
«13000GE~02
©572000E-01

%63250CE+CO
«137940E+01
«196580E+G0

" 9109940E+01

2215660E+00

©231500E+060
2152237E+00
2218380E+00
«661280E+00
«293098E+01

©203750E+00
©123785E+C1
»200828E+00
«1T4149E+00
©260460E+C

#55918CE+00
«8G4GODES0OD
%10050GE+00
+654500E+C1
©299560E+09

»126500E+01
41045C3E+C0
+396U50E+00
+935960E+00

«581834E+01

SPJENERGY
LOSS COEF.
(REVERSE)

«6481N0F+00C
¢313400€+ 00
«4732GCE+CN
«514000E-01
«912000E~-01

«67220)E+00
«177640%+01
«£631200€+10
«120000E~G2
«572000E-01

«357000E+00
«160170F+01
«206500E+00
«125002E401

#215660€+ 09,

«231500F+ 00
«152237€+00
«218380E+00
«6900C00E+ 30
«12000GF+301

«203750E+0G0O
«B804090€+00
«3500Cac+00
«569R814%+00

" «260460E+00

«559180E+C0
+18950CE+01
+100500E+00
«140500E+02
«246293E+00

«126500E+01
«10050CE«CC
«753630E+0C
«935967€+0¢C
«581834E+01

RESIDUAL
LOSS COEF.
(NON=DIR)

«458506E-09

«454957E-37

0.
«155564€-06
«472536E-07

«945681€-07
«195777€-06
«118477E-05
«282086E-05

«177298E-04

«184€021E-04
«82C628E-05

0884 5736E=25

«526681E-05
«165303E~03

«865859E-02
«172722€-03
«866048E-62
«415957E=07
«287462£-07

«319290E-27
¢439245E-07
«378628E-05
«347959¢£-95
«833886F-97

«173879¢-37
0,

«642657E-04
(U
'.‘-
[UY
Ce

RESIDUAL
DELTA P (PSIA)

«157951E~08
«7748GSE-07

«282716E-06
«231326E-38

«161056E-06"

«502764E-08
«355634E=-C5
«846770E-06
«532230E~03

+438337E-05
" «108015E-08
«750712€E-G5
«897106€-05
«214188E-03

«1091592-°C1

«223759£-03.

«1691606E-01
+538786E-07
+362259E-07

«520181E-07
«787961E-37
«918395E£-07
«182457€~05
«593487E-07

€223722E-97
0.
Ce
c.
0o

+281769E-14
0.
0.
0'
fe

ENTHALPY TRANS

INLET

NO
NO
NO
NO
NO

NO
NO
NO
YES
YES

OUTLET

NO
NO

NO -

NO
NO

NO
NO
YES
YES
YES

NO

ANGLE

+«130000E+01

«130000E+1
*

0.
«190000g+01
«100C00E+01

Do

Oe
«100000E+01

0o

Qe

0.
0.
0.
!".
Ce

0.

0.
«1300J0E+21
+130030c+01
«130003E+31

«130070E+21
Ne :

«19003CE+01
«190007E+01

v



8lLL

JUNCTION DATA ACTUALLY ZEING USED.

" JUN VERT CHOK IC MIM

VUM JUN ~ING CALC EQe
INDX IN2X INDX INDW

36 ¢ 5 0 G
37 B 5 ¢ C
38 S 5 u a
39 1 5 ¢ c
40 1 5 3 :
41 v 5 i 2
© 42 2 5 2 2
‘43 ¢ 5 £ :
Y o 5 2 ¢
45 1 5 0 3
36 2 5 2 2
a7 ¢ 5 2 o
a8 1 5 0 G
a9 1 5 0 G
59 0 5 2 3
51 9 5 2 3
52 1 5 0 ¢
53 1 5 0 ¢
54 ) 5 2 3
55 0 5 2 3

wee YARNING s+
T 22 31 - 81

THE FOLLOWING JUNCTIONS

PASAMETERS IN JUNCTION MATRIX

NUMBER OF CHEINS
NUMBER OF CHAIN JUNCTIONS

M3 )
(NTRI )

NUMBER OF NON=CHAIN JUNCTIGNS (N3 )
INJEX OF FIRST CRITICAL JUNCTION (MPP

TOTAL NUMBER OF JUNCTIORS

(NTOTD)

JUNCTION SP. ENIRGY
INERTIA L OSS COEF.
(FORMARLC)

«575375E401  W581838E+61
«272573E+02 4230250E+60
<2T0551E+32  w635100E+21
«375249E+02 «127320E+822
«409140GE+52 «948333E+30
«110000E+01  w241300E+02
.193380E+02  w124700E+01
.242230E402  @124TUOE+GL
«64627T9E+03  4286500€+32
+153220E+403  312360E+62
s112056E402  «774%36E+UG
«687T26E+03  «122500E+02
<151BGGEYC2  4815300E+39
«510684E+C1 @203750€+00
«&97GH4E+00 «522:90E+00
«138818E+02 «200:00E+D0
«252555E+62  4103J00E+91
«252555E402  4103700E+31
+645995E+403 04
«645395€+33 G

SP.ENERGY
LOSS COEF.
(REVERSE)

«581834F+01
«230250E+00
«56351°0¢+ 71
+127020E+02
«43834GE«30

+24180RE+02
+8457609E¢060
«4576U0E+0D
«286500E+02
«31266%€+C2

+570000E+00
+122500E+02
+290000E+60
»203750E+00
+600000E+00

.3000065000
+53700CE«0Q0
+537002€E+00

0.
0

RESIDUAL
LOSS COEF.
(NON=-QIR)

«219990E-02
fe
e
0o
0.

«291979E-05
0.
Te
«103394E~07
«5958745-07

«481930E-07
Je
0.
Ce
0.

RESTDUAL
DELTA P (P3IA)

Go
0.
0.
Ye

(e

«1T382EE=-05
0.
O

"e13788RE-07

«424109E=-07

«534688E-07
0.
0.
Co
0.

ENTHALPY TRANS

INLET

NO
NC
Sh]
NO

" NO

HATE LERGER AREAS THAN THOSE OF ONE OF THE ASSOCIATED VOLUMES:

28
23
52
55

AUTLET

ANGLE

«1206030E+6G1

«10003C5+21

«1300:5E+71
Ne

o
Ja

c.

ds .
«190030€+01

0.

0.

«100090E+01

«100000E£+01

+100000E+01
0.
0.
o
0.



6Ll1

DATA

SLAB
NUM

FO

L
vo

R 47 HEAT CONDUCTING SLABS.

R GEOM STK LEFT SURFACE
L VOL NUM IND AREAs FT2#2

RIGHT SURFACE
AREA g FTan2

VOLUME
FTasl

LEFT HYDRAULIC RIGHT HYDRAULIC

DIAMETER,y FT

DIAMETERs FT

MAJOR
L IN L OuT

JUNCTTIONS
R IN R

ouT

T T T L L T T T - e = - -~ ———— - T S cecscmeaea -

10

11

12

13

14

21

33

32

31

LOC X L C R C LFT MEATED 4
IND MD IND DIAMETER, FT

¢ 1 0 «233334E+02
T «178400E+51
R S e 230540E402
o 0 9 O
0 2 3 - «104770E402
8 0 ) 0.
o 3 «603180E+02
0 b 3 0.
0 11 9 «332000E+01
C D 3 +3386G0E+00
o 8 B . 733000€+01
0 ©o 3 «932000E450
21 & D 0.
0 ©o 3 0.
6 5 D «239850€+02
9 0 D 0.
48 4 -0 0. -
C 0 0 O
¢ S .0 «805390E+02
0 0 © 0.
0 11 0  <919000E+B1
3 ¢ o «33866GE+0G
0 13 9 «163200E+02
8 ¢ g <120300€+01
0 13 v «326TO0E+02
0. 6 9 «120300E+31
6 13 0 «163200£+02
6 o M < 120300E+01

RHT HEAJED EQ
‘DIAMETERy FT

Ge
Oe

0.
Oe

0.
Co .

Ge
Oe

Oe
Ce

de
Ce

«197840E+902
0.

Ue -
Ce

«334367E+02

Oe

0.
Oe

LEFT CHANNEL
LENGTH, FT

«909300€+00
«513840E+01

«982906E+00
«410300E+91

+446TOUESOC

«186500€+401

«523600E+01
«942200€+01

«2533CCE+0Q0
+321700E+01

«967400E+00
«2504C0E+31

«236060F+N1
11

«220360E+02
«343500E+01

+685200E+%1
Ge

e372457€E+ G2
Qe .

«680700E+10
«864300E+01

«272200E+01
«431900€E+0C1

«544700E+01
«864305E+01

«272200E+01
«431900E+01

RIGHT CHANNEL
LENGTHe FT

«1744300E+01
O

«178830E+01
Oe

«131400£+01
Oe

«221330E+01
Oe

«338600E+00
Oe

«332000E+09
0-

0. -
«343500E+01

«383300E+00
Oe

Oe

«116110E+92

«333300€+00
«387500E401

*339600€ 400
0. -

«120300E+01
Ce

«129300£+01
Ne

«120300E+01
Ce

29T HEIGHT IN
R (L) VOLe FT

Oe
Oe

Je
0.

LY
0.

0o
Oe

C.
0-

TR

«583300E+C0
Q.

Ce
Do

«332300E+00

"G

Ce
0.

Oe
0,

0.

Oe

0,
Ce

TO> HEIGHY IN
R (L) vOoLy FT

24 50 o
‘De
1 2 0
Ne
26 1 0
Ce
25 26 0
0. N
39 40 - 0
Oe
38 39 0
0.
f a 31
0.
31 23 0
De
n 0 51
N,
.51 Y3 g
(/29
37 38 9
0.
13 3 2
[N :
15 3¢ o
n'.
34 35 3
0-

23

46



AN

1s

17

18

19

20

22

23
24
25
26
27
29
23

30

3c

23

10

a4

45

25

26

11

12

oo [ [N -] (= ~1

oo

L= S

oo

og oo oo

oo

«6830J0E+0L
«3386U0uLE+0J

. 144713E+02
«2892UBE+01

«112192E+32
«2I350C0E~-CL

«649338CE+02
«335003E-01

«112192E+0¢
«3350uiE-01

«130630E402
+932000% +0:0

¢130630E+02
«9320030E+CE

«153100E+G2
«9320G0E+G3

«98800GE+0:
«9320006€E+00

«154500E+02
¢932000E+GH

«19520Q0E+C2
«932000E*C

«136800E+02
«932000E+C?2

e 10780JE+C2
«106780E+C1

+«150002E+02
+145152E+C1L

«159032E+02
< 146150E+01

«7760C0E+0DL
+10678CE+01

Oe

de

o.
0

«132542E+04
«466TOHGESC]

«8076BCE+G]
«466T7TICL+01

«139532(C+04
«466TDOE+DL

Oe
O

Ge
Oe

Ue
O.

0e
Ce

0.
0.

0.
0.

Ce
o.

Oe
Go
|
u.

O,
Ce

O
Ce

«505100E+00
64270554751

«132957€£+02
«414500E+G1

«513900E+01
«5790L0E+CL

«2975G0E+01
«3350G0E+d1

«513900E+01
«5T790C0E+0L

«139100E+01

«589500E+01)

«139160E+01
«5895E60E+C1

«202000E+01
«52288GE+01

«130400E+012
«337580E+C1

«203800E+01
«527500E+01

- e257500€+03

«6665N0E+C1

«180500£+01
«367230E+01

«160920E+01
«3213)0€+01

+526720E+01
+250020€+01

«526730E+01
«25CCD0E+D1

«115020E+01
«229700E+01

«338630E+00
0.

2289200E+01
0.

L335006E-01

379600 T 401

«335C000E=01

«335000€+01

«335000E-01
«573000E+01

" «332090E+00

Ce .

«9320N0E+00
Ce . et

«932000E+00
o.

«932090€+00
Q.

«332000€+00
Oe

«932000€£+00
Ce

«9332000E+00
Oe

+106780€+01
LS

#146150€+01
0.

«186150E+01
Oe

«106780E+01

oy

* e ]

L&

sARET 0TS D]
eB35LNGELN D

«3a67C0E+D]
«TRTICO0E~21

S AEETOOES DY
«BZ5000C+20

G
0

Ce
Ne
Oe

Ce
Oe

Oe
Oe

Oe
0o

33 34
P.

24 59
e

k 3

«75700%€e 01

5 19
«957305E+31
19 11
e TSTCO9E+Q]
30 52

0.
40C 53

.
27 28

g.
28 29

0.
2 a

0.
3 5

0o
5 6

0.
6 7

0.
7 8

0.
11 12

O
12 13

Oe

N



Let

31

32

33

34

35

36

37

33

39

40

41

42

43

a4

45

46

a1

13

1s

19

20

28

29

27

46

49

22

23

23

49

49

37

o

oo

Qo

oo

[0 =)

o e

oo

[T =]

o w o™

D™

<

o

P

©Q -

™

oo o

o0

«190400E+02
«932000E*GU

«192700E+02
«932000E+0C

«269700E+92
.e9320350E+00

«692500€401
«932000E+GC

«137200E+02
«9320Q3E430

«988000E+01
«932G00€E+00

«575000E+01
«S6ETBOCESTD

«164000£+02
0.

«692500E¢01
e 932CU0ES U

Ue

-
ve

T +B107BTESL2
. O

866E6TESOZ
«1744G0E+C1

«28942TE+02
«28920UE+C1

«28T350E+02
«1T744CC0E*C]

«176210E+402
«289200E+01

Oe
0.

»119927E%02
0'

0.
‘0.

«4754D0E+02
«800GDCE+0D

Oo
O
$668733E+02
Ce
0.
Go
Oe
Oe

Je
Oe

Ge
O

Oe
Oe

+9892D0£+01
Oe

Oe
c.

Ce

«2511C0E+C1
«650000E+C1

«254300E+01
«658100€+01

«355800E+01
321100E+C1

«914000E+00

«472900£+C1

«181100E+01
«368600E+C1

«130400E+01
«33750CE+C1

«8492700E+03

" «3229C3E+01

«8690C0E+01
«181600E+02

«314000E+00
«472900E+01

«137040E+02
Ce

«T44913E+02
«181870€+01
«51384CE+D1

¢265913E+02
«414500E+01

«111980E+C1
«71580CE+01L

«163740E+02
«170200E+01

«118030E+01

Be

«110180E¢02
«343500E+01

" Qe

«932000€ +90
0.

«932000E+00
0.

«932000£+00
Oe

~ «33200GE~00

0.

«332000E+00

«332000E+00D
Ce

«567800E+00
Je

«233330E+00
«181600€+02

«332000E+CC
[}

Ce

D.
«116110E+02

«333300E+00
«387500E+01

«174403E+01
O

«28920CE+01 -

Oe

«17440CE+C]
0.

«289200E+01
0.

0.
«343500€+01

«583300£400
0.., P

«333300FEene
c.

e

O

e

Ne

LS

0o
o.

VIS
C.

«5833C0E+00

U

Oe
Je

13
Oe

14
0.

19
0'

21
Ce
Oe

32
c.

48
(\‘

24
0.

24
Oe

%0
Ce

S0
LY

14
15
21
43
32
33
30
47

22

24

51

25

25

51

23

22

24

51



22l

AXTAL STACKS OF HEAT SLABS -

THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH

THROUGH

THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH

. THROUGH

THROUGH

-THROUGH

THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH

" THROUGH

THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH
THROUGH

-THROUGH

THROUGH
THROUGH
THROUGH
THROUGH

| d .
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[
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DIMENSIONAL
OIMENSIONAL
DIMENSIONAL
DIMENSIONAL
DIMENSIONAL

- DIMENSIONAL

DIMENSIONAL
DIMENSIONAL
DIMENSIGNAL
DIMENSTIONAL
DIMENSTONAL
DIMENSIONAL
DIMENSIONAL
DIMENSIONAL
DIMENSTONAL
DIMENSTONAL
DIMENSIONAL
DIMENSIONAL
DIMENSIONAL
DIMENSIONAL
DIMENSTIONAL
DIMENSTONAL
DIMENSIONAL
DIMENSTONAL
DIMENSTONAL
DIMENSTONAL
DIMENSTIONAL
DIMENSIONAL
DIMENSTONAL
DIMENSIONAL
DIMENSIONAL
DIMENSIONAL
OIMENSIONAL
DIMENSTONAL
DIMENSIONAL
OIMENSTONAL
DIMENSTONAL
DIMENSIONAL
DIMENSIONAL
DIMENSTONAL
DIMENSIONAL
DIMENSIONAL
DIMENSTONAL
DIMENSIONAL
DIMENSIONAL
DIMENSTONAL
DIMENSTONAL

HEAT
HEATY
HEAT
HEATY
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT

HEAT.

HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT

TRANSFER

TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER

TRANSFER

TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRAMSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER .
TRANSFER



gel

DATA FOR 134

GEOM.REG GAP
TYPE NO IWD

N -
L~

GEOM REG GAP
TYPE NO IND

GEOM REG GAP
TYPE NO IND

N e
[

GEOM REG GAP
TYPE NO IND

GE0M REG GAP
TY®E NO IND

GEOM REG GAP
TYPE N IND

HEAT SLAB GEOMETRIES

MAT
NO

1
1

MAT

e -

MAT

NO.

o

MAT
NO

MAT
NO

L

NO
DX

4
4

NG

‘DX

NO
DX

NO
Dx

NO
DX

X0 TO N=1 REGION NWIDTH

0. - «129900E-01
«2597D0E-01
SUM OF POWER FRACTIONS

X0 TO0 N=1 REGION NIDTH

«894000E+0U +208000E-01

«2080D0E-01
SUM OF POWER FRATTIONS

X0 TO N=1

REGION NIOTH
«10190GE012 «4170D0E-01
«4176D0E-01

SUM DF POWER FRALTIONS

X0 TO N=1. REGION WIDTH
«125000E%01 «6250D0E-01
«625000E=01

SUM OF POWER FRACTIONS

xXo TO'N=! REGION MIDTH

«166700E+401 «2500D0E+00
: ' «5DU0ROE+00
SUM OF POWER FRACTIONS

X3 10 N=1 REGION MIDTH

«2040DUE-02

«16750JE-01
. «204000E-02

SUM OF POWER FRAETIONS®

POWER FRAC
Oe
Oe
Is 0.
PONER FRAC
e
‘0o
IS 0.
POMER FRAC-
Ce
Oe
IS 0.
PONER FRAC
De
Oe
IS O
POVER FRAC
O
“be
I8 0.
POWER FRAC
Oe
0o

IS 0. -
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GEOM
TYPE

N

GEOM
TYPE

GEOM
TYPE

GEOM
TYPE

GEOM
TYPE

GEOM
TYP;

REG
NO

REG
NO

REG
NO

SN g

REG
NO

GAP
IND

GAP
IND

GAP
IND

GAP
IND

GA?P
IND

MAT
NO

[

MAT
NQ

MAT
NO

MAT
NO

MAT

-

MAT
NO

NO
DX

NO
DX

NO
oXx

NO
X

NO
DX

NO
DX

XJ) T0 N=1 "REGION: MIDTH

«3540C0E400
«633006E~-01

‘SUM- 0F POMNER FRALTIONS

X) TO N=1 RLGION NIDTH ..
«466000E+00 «393CD0C-91
«780000E-01

SUM OF POWER FRACTIONS”

X3 TD N=1 REGION MIDTH
«533900E+00C «443000E~-01
«8850CD0OT=-01

SUM OF 20MER FRACT.ONS

X3 TD N=1 REGION MIDTH
+225000€+01 +208DBUE~01
«273300E+0)

SUM OF POMER FRAETIONS

X0 T3 N=1 REGION WIDTH
¢159300E+GC  +208%DOE-01

«417200E-01

SUM OF POWER FRAETIDNS

X0 79 N=1 REGION MIDTH
«233900E+03C «2523D0E~-01
«5033LGE-C1

SUM OF POWER FRACTIONS

«310U0JUE-D1"

" PCVER FRAC
Ce

Oe

18 Ge

POMWER FRAC’

Oe-
(Y

Is 0. .
POWER FRAC
0-'
Ve
IS [
POWER FRAC
Oe
Os
IS O
‘PONER FRAC
[\ 1Y
[
POWER FRAC
[ 18
O

IS L



SEOM REG GAP MAT NO
-TYPE ND IND NO DX

GZOM REG GAP MAT NO

TY°E NO IND NO DX
2 1 1 8

2 1 1 5

3 0 1 3

PROPERTIES FOR HEAT

~
i
-2 POINTS

-13 POINTS

X0 TO N=1

«601600E+00

REGION WIDTH

«4956D0E-01
«3890D0E~01

SUM OF POMER FRAETIONS

X0 TO N=1

«145830E+20

REGION WIDTH

«8333D4E-01
«83330GE-C1

«104170€E+00

SUM 0F POWZIR FRACTIONS

«212000E+03

«170000E+03
«600000E+03
«120000E+04
«1800800E+04
«2400G0E+04

CONDUCTING MATERIAL NUMBER 1

THERMAL CONDUCTIVITY (BTU/FT=HR~F) VS TEMPERATURE

«957400E+01

VOL HEAT CAPACITY (BTU/FTwe3=F) VS TEMPERATURE

«494608E+02
+453920E+402
«5099D6E+02
e567609E402
«573616E+02

POWER FRAC

O
Je

EB

POWER FRAC

Oe
'
Oe

«237200E4+04

«250000£+03

«80C000E+03

«140000E+04
«200CO00E+ LS

¢192940€ +02

«8443296E+02
«469194E 402

. «531587E+02

«577993E+C2

«400000E+03
«1000N3E+D4
«160000E+D4
«220NNNESNG

(TC1)9K(1) gmm=e=)

(TC1)9C(1) gmmuw)

«844872E+02
«468415E+02
«551481E+ 02
«S60655E+92



9ct

CXPOP&4/C E ULOFTSVO2(73?

LOFT L145-A20

CPU TIME =

1.39

STANDARD TIME STEP NUMBER

TOTAL SYSTEM
QUANTITIES

VOLUME
NUMBER
1

VORI PN

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
‘29
3n
31
32
33

35

NORM POMWR
1.00000E+9¢

AYG.
PSIA
2.28709C+03
2.25087C+135
2.2B679E+03
2,284560 405
2.28434C403
2.28364E+03
2.28038C+03
2.27600C+03
2.27586C+05
2276610 +03
2.27778C +03
2.27353E+03
2.27345C+03
2.27175C+03
2.28556C+03
2.28704C+03
2.296826E+035
2.3G112E+03
2.29562C+03
2.29517C+03
2,29227€+35
2.29466E+03
2,29661C+33
2.29351C+03
2429 206E 4035
2.29206E+03
2.29206L 403
2.28326LC+03
2.28826C+03

PRES

"2428791C+03

2.28675E+93
2.28532E 403
24286750 +03

2,28326C¢L3

2.28937C+935

L1-3 POSTEST ANBLYSIS

Us ATTUAL

POWR
(M)
e

TOoT, MESS

(LB) HzQ

TeT7495RE+C2
19972%E+02
3.78441E+0¢
24165T77E+G2
1.51821E+02
1.36987€+02
503219:z£+02
542280CE+02
2459252E+02

5422390E+02°

5.3217ZE+02
9e79022E+01
2411198202
241383C0E+02
1.8017ZE+02
1,80182E+02
9.0G2472E+08
3.23072€E+01
29334E+02
Te&B8433E+01
243540CE+02
5.4159cc+ R
Te9T7349E+02
1.439817E+03
1.70554E+02
Te33877E40L
4.0626%E+0L
345935CE+02
1.0375cE+02
1.3804CE+01
24138391c+02
4.73263E+02
218525 C+02
19512EE+01
8,19T784E+01

EXPERIMENTAL RELAP4 TYPE PROGRAM

TIME STEP NUMEER %
HEAT REM ENGY LEAK
(BTU/HR) (BTY)

O 0.
A¥Ge ENTH AVG. CENS
(BTU/LB) (LB/FT3)

54336525402 4.759€6E+JT
S%33647E+02 4.75990E+01
5.33654E402 4,75951E+01
5+33655E+02 4.75950E+)1
5%33655E+02 4.75948E+01
5%433656E+02 4.75944E+%1
5233660E+02 4475923E+01
5433662E+02 '4.759G8E+21
5+33665E402 4475895E+01
5433664E¢02 4.75899E+01
£e33663E402 4,75907E«01
S433668E+02 4.75880E+"1
Se33668E+02 4,75879E+51

"5%33670E+02 4.758695+01
5933653E+02 8.75956F+21
5933652E+02 4475966E+01
S%33639E+02 4.76036E+0)
5433635E+02 4.76054E+31
5433642E+02 4.76020€£+401
5433642E402 4.T6PLT7E+C]
5+33646E402 4475999E+01
S#33643E402 4476014E+01
5433641E+02 4.76026E+01
5433644E+02 4.76006E+01
5929994E+02 &4.7T79TE+01
5426340E402 4,79533E+4G1
4,89854E+02 4.96951E«01
5433650E402 4,75973E+01
5233042E+02 4.76278E+01

T 55324336402 ALT6578E+0)
5532435E402 4.76571E+01
5+32436E402 4,755€2F+01
5%31826E+02 8.76872E+C1
5431216E402 4.77180E+01
‘S62634TE402  4,79517E+01

CONFIGURATIGCN
TIMEZ = 3, SECe
MASS LEAK ENGY BAL,
(LB) (3TUY
Ce 1e72624E+07
AVGe TEMP AVG. QUAL
(F)
S«33009E+C2 O,
5¢390INE+G2 O
5«39000E+02 0.
5.39009E402 0,
5¢3900CF«C2 Do
5¢39000E+02 O
S¢39000E+02 0.
Se39039E4n2 Oe
5¢3903)E402 3.
S5¢39000E+02 O
Se¢39CI0DE+N2 0.
5¢39C00E+02 0,
5039030;‘02 'Do
S¢39090E+02 04 -
539030E+02 J.
5¢39000E+02 Do
€e390C0CE*32 9o
5.39000E+02 0,
Se39013E+02 9,
5¢39000E+02 Oe
5¢39010E+02 G
5¢39C0CE+R2 N,
5¢39J90E+02 Jo
5¢39CG00E+02 Oe
5036000;’02 Qe
5¢330)0EeN2 0,
Se12030E+C2 C.
5¢39090E£402 Ce
5¢38570E+02 Co
5¢38000E«Q2° 0,
5.38000E+02 €,
S¢38G00E«D2 Oe
Se37S00E+C2 Go
5¢37000E+02 0o
50337230E+02 0o

CONTROLIYES
10720717

LAST OT =

MASS BAL.
(L)
2+30866E+04

BUBB MASS
«LB)

LD

00

Oe

Do

0.
" De

-R SEC.

TOTe REAC
(%) '
N

MIXT LEVL
(FT)
7.50000£+00
1.86500E+00
9,32333E~01
9.32333E~01
9,32333E-01
2.42156E+00

2+50000E+0C0

6+7500E+90
2,00521E+20
6+75900E+00
2.50000£+03
2,37508E+90
3.80867E+00

2¢17450E+00

24,47577E+70
2.4757TE+00
7.08333E-91
7.08333E-31
9.32333E-01
9.32333£-01
3.435G02+00
1.16119E+91
2.44740E+900
9.42200€+00
932333E-31
9.32333E-01
S5467750E=01
9.32333£~-01

9432333(-01"
2440913E+00

§,58253E+00
4.94708E+30
4.58253E£+00
4e54167E+00
2.17452E+090

REAC T
SECe
Oe

LIGe MASS
(Lg)
Te74950E+02
1.99725%+02
3.78441E+92
24165T7TE+02
1.51821E+02
1436987€+32
5¢32196E+02
5¢22400E¢32
2059258£+02
5223306E402
S32178E+02
9,79922E+01
2.11194E+92
2013830E+02
1.80178E+32
1.80182E+02
9.02471E+01
3.30573E¢91
2.99346E402
T«68439E+01
2+36400E+02
Sed1596E+432
Te97384C402
1.43987E+03
1.70554E+32
733877401
4.06264E+01
3.59350E+02
1.09756€E+92
138240E401
2.18391E+02
4.78265E+02
2,18529€£+02
1.95128E£+01
3,19784E+71
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2028391E+033
2429280403

. 2029156E 403

2428790E+03
2429476E+93
2423391E+ud
9454609 +02
6e136L0E+02
2,25205E+03
2023824E 403
2423794E 493
2429206E+23
2¢23488E +03

«235S5E+03

2.78815E+01
1,18201€+02
3491798E+02
2.73834E+02
Te58435E+01
9.,07589E+02
5¢1287bE£403

 4,43949E+03

1.62814E+02
1.57856E+02
3423957E+02
3.74654£+01
2470799€E+02
3.08272E+02

5621524E+02

5e33645E+02
5%26345E+02
5330428472
5433643E+02
7242792E+02
584837E+02
6%60313E+01
4589854E+02
S21525E+02
1483264E+C2
S«l6785E+C2
53364302
533642E+02

4.81223E+71
4,76002E+21
4,79530€+01
4.76275E+51
4476714E+01
2458466E+01
1.82130£+01
4.374C0E+G1
4,96951€+01
4,81819t+01
6+03272E+01
4,84245E+01
3,76315E+31
4.76019E+91

5¢2930GE+02

5439000€E+02

5¢33000E+82
5¢385N0E+C2
Se29000E+02
6454871E+02
539000E+02
9.20{00F+01
SeT2030E*02
5429000E+02
2.12000E+02
50250C0E+C2
5¢39003E+C2
539000E+02

9.15213E-r2
7447715602
1.64397F=35
'»\.
Oo
Je
9.
c.
f

2.217295-03
3.966716-07
t.

fe

Te
Oe

0.
0.

de

4.31775E+5)
3.43500eE+00
2.96508£+0C
2495583C+0¢
9.32333&-41
4.32723E+9C
949063 3IESIC
522717E+79
Be81146E~-91
8e41145F-"1
3.66185E+710
94323323511
1.16119E+51
1.783632+0)

2.78815E+31
1.18201g+32
3491798+ 02
2¢79434E+52
Te6RA3IS5E+)1
8424525E432
4e74529E+13
4,45341E+13
1.62314E422
1.578562 402
142393575 +02
36 T74854E+31
2473799E+32

. 34042720402
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VILUME

P b b b et b b b b P
DONPNPAHENFDIOONOUN PN

YN
- o

22

AIR MASS

Ne
Oe
Oe
0.
O
Oe
O.
Oe
Oe
Ne
0.
0.
Ce
De
0.
Ce
O
Oe
Ce
0.
0.
0.
0.
0.
Ne
Oe
Oe
0o
Oe
Oe
Oe
Oe
[ Y

0. -

Ce
Ce
O.
0.
0.

76805E+01

VOLUME
NUM3ER
15
15

PUMP SPEED
{RPM)
1.72615£+03
1.76SG0E #03

PUMP NORM
TORQUE
2493363E-01
3,02758E-01



A

HEAT SLAB

NUMBER

(Ve B SRE NI - W3 B AR T R

=S
o9

o b h b bbbt b S e b et b
VO PDNNRNU PN

MO N
Lo

N NN
-~ v

NN
0 ®

3a

voL
NUM
23
1

2
24
36
35

- 21

21
ag
48
34
33
32
31
30
23

8
42

9
42
10
42
a4
45
25
26

x

HE AT
MOOE

D OMO OGO D0 O0OLOMNMUELY OO0 LDOOOCOoOOPOOoOCOoOLWLODOoODCOLOMOOW

TRAN

SURF FLUX
(BTUZHR/FT2)
u.
u'
0.
e
e
0.
0.
Oe
Geo
0o
e
Ce
3
0.
O
e
0.
0.
Je
e

Ge

0.

Oe
0.
0.
0.
0.
0.
o.
Oe
Geo
0.
0.
Je
Ve
Ceo
0.
0‘
Ge
Oe
Oe
D.
Je
Je
Ce
0.

CRIT FLUX

(BTU/HR/FT2)
9403000E+C4
96003CJE+3S
9+0C3iCc+04
9:400G0GE+04
94050C0E+04
9%GoLUIESDS
9¢00C00E+08
9400000E+04

1 9,00500E+04

9% 00GUCE+u4
9@0034CE+04
940GA0GE+04
9%06000E+04
9405000E+04
9400600E+04
9400000E + 24

146486BE+05

9430CUIE*04
72656228405
9a00003E+04

 7%65359E +05

954GU0COE+04
9.0000GE+04
9%00000GE+D4
9.000C5Z+54
9.03900E+34
940U00GIE+N4
e RUOCLE+DS
9900CuHE+GE

940U 0oEe34

9%000GiE*04
9% GGG0CE+Q4
903000E+34
9.00GLCE+CH
92000U0E*04
945 00000E«04
96 GO0OOE+DS
9«0000CE+04
94C3040E+04
9405000E+04
9.00u00E~CS
9200000E+C4
9.06U0G0E+04

" 9403030E+04

960060002404
S%00000F+04
90000NE+04
9%05000E+04
9% 00uNJE+0CS
9e«0UGUGE+D4

HeTe COEF
(BTU/H/F27F)
5.00000E+27
5.00030E+5"
5.00307E2"7
5.00C00E+CH
5.000N0E+NN
5.50000E+DN
5400000E+590
5.000C0E+NC
54000005400
5.000C0E+2)
5.00500E40¢C
5.0GCCCEsDN
5400050E+30
5.000CGOE+0N
S«00000E+00
54000G0E+D"
5.C03COE+0C
5e0000NE+0U
53000CE+0 "
5.00CGCOE+C"
SeGN0TNE+DS
5.20000E+00
SeCO000E+5"
54000N0E+39
4000025470
5.00000EeC"
5.000C0E+2"
S«C00NOESCH
5.0G0F0E+"?
5.00500Ee37
5.00000E+2¢
5.006C0F+DE
5.00000E+3 7"
S«000C0EenC
S5«000GIE+3D
5.000CGCE+"D
500000 +n "
5.00000E+72
5.00000E+01
54003CCE+GT
5.000C3E4C"
5.00000E+18
5000300E+30
5.00000E+0N
5.0006CE«N0
5«0C0COE+NGC
S«00000E+GT
5.00060C+77
5060005402
54005506417

SURF TEMP
(F)

5¢39300F+"2

S5¢3903J)0E+02
54390CCE+02
539000E+02
529900E+02
5.33000E+02
S«39C00E+02
5439000E+¢02
5439020E+02
5¢39300€E+02
5¢37000E+C2

-5¢37500E+02

Se38CO0E+G2
Se3RJI00E+02
5+3800NEeN2
5¢39000E+02
5.39000F+32
5¢3900GE+02
5¢39000E+02
5e2900CE+02
5.391000E+02
5¢39000E+02
S8,02070E+02
Se29000E+02
Se36C00E+02

5330%0E+02

5¢39000£+02
5¢39200E+02
5+39J00E+C2
539030E+02
539C30E+02
539000€£+02
539000E+02
5¢39070E402
5¢39C)0E+02
5439090€£+02
539C00E+G2
539090E402
S5¢3R50JE+C2
S«02390E+22
2.1000CE+02
5.390N0E+02
S5¢39N0CE+G2
5¢39000E402
54390900E+02
5¢39000E+D

5390030E+02
5¢39000€+C2
5439013024062
5¢390350E€+02

AVGe RQUAL
Je
O
Ne
o .
Oe

Oe

"c‘.

Qe
Je

Ce

Oe

0.

0.

Oe

Ce
Te47715E-02
Ge
Te47715€=-02
T647715£-02
0.

0.

Ge

Te

Oe

Oe

0.

POWR H20
(BTU/HR)
0.
fe

Co

Go
Oe
[
[0S



oct

£X30P4/C £ OLOFTSVO2(T3)
LOFT L145-A2C Ll-6 POSTEST ANALYSIS

CPU TIME

JUNCTION
NJMBER
1

VDN PN

10

12
13
14
15
16
17
18
19
23
21
22
23 .
24

26
27
28
29
3c
31
32
33
34
35
36
37
38

49

1.456

CONNECTING

VOLUMES

DO N LU N

O
- o

-
wn

T0
T0
TO

TO |

To
TO
T0
T0
T0

T0

T0
T0
T0
10
TO
T0
T0
T0
T0
To
T0
T0
T0
T0
T0
T0
T0
T0
T0

‘TO

TO
T0

T0

T0
T0
T0

L

T0
T0
T0

n

IO O DN P DN

CHOKE

CCOo0OOOEOODCoDOOLEODONOOODOROCOD OO OCDOOOO O

OO LDOOOCODOOEOOO00O0OODOOANRLOOCOODIODIOOOODLO

JCT. FLOW
(LB/SEC)
5¢91667E+02
5.91667E+02
h
5.9166TE+02
59166TE+02
5¢91667E+02
5491667E+02
5e9166TE+02
5¢9166TE+D2
549166TE+02
5.91667E+02
5.91667E+02
5491667E+02
5.9166TE+02
2.97860E£+02
2+9380TE+02
2.97860E+02
2.93807E+02
2.97860E£+02
2.93807E+02
5¢9166TE+02
549166TE+02
2.86551£+02
3.6B760E+U2
549166TE+ 32
5.9166TE+02
0o

0.

Ge

O,
2.84551€+02
0.

0.

Ge

0.

Ge

Oe

Oe.

De

Oe

EXPERIMENTAL RELAP4 TYPE PROGRAM CONFIGURATION CONTROL:IYES

JCTe ENTH
(BTU/L3)

5%33645E+402
5433655E402
5%33650E 42
5%33653E402
5433655E+02
5¢33655E+402
54336556402
5433653£+402
S%33667E+02
5433663E402
5433665E402
54336636402
5%33663E402
54336726402
5233663€402
5e33663E+02
54336525402
5633651432
5433633402
5%33635E+02
Si33642E 02
Se33643E+02
5433643E+02
5433653E+02
5433641F+¢2
5433633E+02
54336450462
$592999%E+02
5216785402
4589853E+02
5433645E+52
54336536402
5e33042E402
5232433EC2
5632439E4C2
5432433E4C2
5431823€+03
5431213402
5421527E+02
54215226432

JCTe SPVL
(FT3/LB)
2410389€E-22
2410099€-02
210099€~02
2:10106E-02
2410106E-22
2.10107g-C2
2.10109€E=-02

2.10118E-02 -
2410126E-72

2.1C131E=-02
2.10130F=02
2.10125€-02
2,16137E-32
2.10137E-32
2.10143€=%2
2.16143F=32
2.10108g-22
2.1C130E=22
2.10068€-02
2.10068E=C2
2410075€-22
2.10078E-32
2410085E=-02
2.10078€=-72
2.10C75E-02
2410381E=-C2
2410085€~-22
2.09294£-22
2.085365-02
2.01227€-02
2.100855=22
2.10096E-52
2.09962E~-52
2.09829€=-02
2.09832g-02
2.09836F-2
2.09700E-22
2.09564E-C2
2.08543E=-02
2.07545E=-C2

P R E S
STAG PSI
3+ 78305F +00
Te24698E-01
~9,15942E-01
2427212€E-01
2423283E-01
1.41457E+00
4.23441E+C0
2403428E+00
213259E+19
=7+44787E-01
~8.806460E-C1
3e26532E+00
-6¢33910€-11
1.69821E+3C
-1.21290€+01
«1.35575€+01
=1.27702€+C1
-1,40859E«G1
9.59272£-01
3.77356E+0C
4.54892€-01
1.96442€+60
=2.3R347E+00
“1.95331E+00
2.02569E+CC
258698E+50
2413187€-M1
Ce
L
6900N0€E-03
5¢26429€~01
e -
3e2T7760E-01
1.16208E+0C
1.42797€+00

=1.42845E+0G"

-1,51127E£40¢C
~1,11455E+400
4.5R8890E-C1
6472410£-01

S U R £
ELEV PSI
=1e54773E4+00

1 9,17887€-01

9.17887£-01
-9.36674E-16
2.43596E-16
-2.23715E-01
-2.926156-01
~1.52854E+90
-1,44675E£+00
1494673E400
1.52850E400
2.84897£-01
1.02178£+00
2.76028E-01
~7.68449E=01
-7.68458F=C1
-2.92091£-01
-2,92097€-01
~3,45853E~15
-7.94311E-15
4,95841€-11
2.99628€-01
2.4P69TES0)
2.32014E400
-1.R3885F+LC

=1eB6550£40C

-2.09627E-01
5.03730E-11
1.67974E-07

-6470209£-03
6+92764E-14
4.96859F-11

-3.477692-01

-1.16208E+00

=1,42798£+00
1.,428452+00
1.51127£400
1.11455E+00

-4.508945-01

~64724056-01

137228777

D I F F

FRIC PSI

~2423532E400
~1.64258E+00
-1.94111€-03
~2.27212E-01
<2232835-01
-1.19086E+00
~3.94219E+00
~5465726€~01
~6485835€~-01
=7.026455-01
~6,98082F=01
~3.550815+00
~3.90868E£-01
-1296824F+490
-4,69878¢-01
~4489391€-01
-3e75020E-01
~4437351E~61
=9459272€=-01
=3.77355E400
=4454802E-01
=21T7415F«01
-1.03508€=-01
=34656833E=-01
-1.86838E=01
=7+.214755-n1
~3.562606-03

~54264929E-01

O

Ne

Ne

0‘

Ce

Ne
'.T.
G‘
0o

£ R E N
ACCL PSI
2.54657E-14
1.42109¢-14
3.78780E-06
1.33227E-15
8.88178E-16
1.42109E=-14¢
6403961E~14
T
520417E-18
1.11022E~-16
1.77636E=-15
3.90799E-14
3.55271E-15
1.42109E~-14
3¢55271E-15
3.55271E~15
1.77636E~15
5455271E~15
3.55271€E-15
1.77636E-14
5¢19602E-15
1.42109E-14
4.44089E~-16
re55271E-15
3.44169E-15
1.28786E~-14

-2419202E-06
5.82377E-11
1.67973£=07

-2.99242E-06
3.55271E~15
5.82077E~-11
5038224E-08

~1.79619E=0¢

=5.98174E-36
4.819260=-05
3.22339E-07

-3.18396E-37

-44168125-C6
4.55859C2~-06

T

I A + s
PUMP PSI

De
1.33673E+11
1.48154E401
1.33673E+01
1.48154E+01
0.
Ce
n.
J.
“o
Oe
0.
Je
C.
Je
a.
de
Ce
a.
0.
C‘c
0a
':‘I
Ue
0.
0e



LetL

T2
19
T2
To
T0

T0
To
T0
T0
T0
T0
To0

TO

oot c oo

R R - - RN N- -

B84825949E+01
0o
Oe
Ve
Ue
2022907E+02
Oe
0.
59166TE+02
S5e3166TE+(2
3407117E402
Oe
Oe
0.
ﬁl

©33643E+02
533043E+)2
5626344E+7352
183261E+22
T-05241E+)2
5%433650E£+)2
1483266E+02
5416785E+D2

5e33642E+D02.

533639E+D2
53364TC+02
4589858E+52
5221525E+32
1683266E+02
1483266E+C2

241G078E-22
2409962E-02
2.08536E-12
50223528 +001
2,71673E-22
2.10878E-22
1.65763E-32
2.96507E-22
2.10077E=-52
2.106073€E-02
2410084E=-"2
1.36080E=-02
1.,005600€E-22
0.

Ce

2428199€-01
3.58300E-01
4,9979¢CE-01
=1.68434F+03
~6¢85147€-01
=1,72911£+0¢C
~6e30R24E-01
Je
4,C4R04E=-01
1.05486E+00
=2.08124E 400
Ce

Oe

0.

Ge

~4,91945€~12
~3.583692~01
~4,990817-01
185095T+C)
7.340976~01
2.32014E400
60481177 ~01
-1.681415<97
-8.87342E~16
~6e828655~31
2.48658F+50
g.

fe

Gl

Te

~2024199€-01
Oe
Co
o.
=4,87011g-02
-5.917385-01
~1.72748E-32
Ce
-4,04904c=-01

=3,7239(£=-21"

-4.057848E =01
S

A
.

R

4.44089%E-16
=%.0G147E-26
8,72930E-06
a.
2.8R1R2E -4
5e32357E=-15
1.82581E=-15
~1.358147c-7
3455271C~-15
5432337E=15
1.77636E-15
.:ll

Lo
LIS



eel

JUNCTION
NUMBE R
1

Do ~NON e N

SLIP VEL.
(FT/SEC)

n
e

0
0.
Ne
Co
c.
r‘.
0.
Oe
C.
0‘

LIGUID VEL.
(FT/SEC)
24589636401
1.82084E+01
0.
1.88G99E+01
3446450E+01
1.62093E+01
2.23587E+01
7.684TTE+0V
7+64501E40U
7.68523E+00
7.64515E+0u
2.23605E+01
1.82116E+01
1e82116E+01
1e58640E+01
1.56678E+01
1.58811E+01
1.5664TE+01
1.58784E+JL
1.56617E401
1.88072E+01
1.82064E+01
6+8T154E+5D
8.90482E+0U
1.17763E+01
1.58261E+01
0-

de

Ge

e .
8+5399GE+00
0.

0o

e

e

0.

a.

Ge

0.

Ve

5.89683E~01

O

0.

Ue
0.
i.07655E+01
Ce
Oe
1.83C78E+01

VAPOR VEL.
(FT/SED)

2%58963E+01

14820B84E+01
o

1s88099E+01
34464850E+01
148209CE+11
24235870+ 01
746447TE+0D
Te64501E+00
7464523E433
70645155403
223605E+61
1682116E4+01
16¢82116E+01
14588405401
14566 7RE+51
1458811E+01
1056647E+31
1458784€+01
1456617£+01

1288072E+01

1.82064E+01
62BT1S4E+0C
BeSU8B2E*TT
1¢17703€E+01
1658261E+01
O
Ce
Ue N

v
8453990E+0)
De

b

Ce

Je

"%
.Ge
Ve

e

Ue
589683£-01
e

Yo

Je

Ule
16076558+01
J'e

Je .
1488078E+01

JCTe FLON-L
(LBM/SEC)
5.91667E+D2
54916670402
0o
5.91667E+7?
5¢91667E+72
5.91667E452
5.91667E+52
591667E+02
5491667E+22
5¢91667E+02
5.91667E+02
591667E+02
5.91667E+02
5¢91667E+32
2.97860E+02
2.93807E+02
2.97860E+72
2.93807E+02
2497860E+32
2.938CT7E+02
591667C¢02
5.91667E+02
2484551€452
3.68T60E+52

591667E+92

5.916672+C2
0.

O

'

Ce
2084551E+402
D.

0.

Ce

O.

0_.

;.

0».‘, .

Ce

0
Be42090F 01

O

0-

Oe

0.
2¢22907E+02
G.

0o .
5.91667E+02

JCTe FLOW=G

C(LBM/SEC)

Ce

SATe H=-L
(BTU/LBM)
5433648E+02
5¢33652F+ 02
D.
5¢33661E¢02
56336612402
5¢33661E402
53366CE+02
5¢33660E+02
5¢33672E+02
Se33663E402
533662E402
Se33663E402
533671c+02
S¢33674E+02
5.33676E+02
5¢33676E+02
5¢33658E¢R2
Se 3365TE+02
5¢33644E+402
Se33640E+02

5¢33648E¢32 -

Se33649E¢02
Se33646E+02
Se33644F 402
Se336422+02
S+33644E+02
o.

‘Geo

%2
Go
5.33652E+02
Ve
Je
Ge
T
0o
Je
Go
e
Oe

Ge -

Ne

Ge

~
.

0o
Qe

54336491472

5¢33646E+02

5e33646E5+02

SATe H-5
(BTU/LIM)
0.

FLOW=-WEIGHTED H

(BTU/L3M)

5.33648E+02

5.336522+02
0.
Se33661E+02
54336612432
5¢33661E402
533650E+62
533663IE+02
5¢33672E+02
533663E£+402
5¢33662E+C2
5433663E+02
533671E+02
5¢33674E+02
J3¢33676E+02
533676E+402
5¢33658E+02
Se3365T7E+(2
5e33644E+02
5.33640E+02
5.33648E+02
5433649E+32
5.33646E+02
533644E+02
533642E+02
5¢33644E402
0.
Oe
Oe
O
5.33652E+02
.
O.
De
Je

hurs

Je
Ge
0.
Je

543364654172

0.

Ve )
Se33646E402
DC

Oe
5¢33649E+102



EXPOPA/C £ OLOFTSVD2(T73)

[d

£el

2 EXPERIMENTAL RELAPA TYPC °§OGRAM CONFICURATION CONTROLSYES
LOFT L145-A20 L1-4 POSTEST ANALYSIS 10720777
CPU TIMF = LeS1
JUNCTION SLIP VEL. LIQUID VELe VAPOR VEL. JCTe FLOW~-L JCT, FLAW=G SAT, H-L SAT, H-G FLOW-MEIGHTED H
NUMBER (FT/SEC) (FT/SEC) (FT/SEC) (LEM/SEC) (LBM/SEC) t8TU/LBM) (RTU/LBM) (sTU/LBM)
50 De 1.17705E+01 1617705E+01 S.91667E+22 O, 5¢336415+02 0, 5¢33641£+02
51 Ne 1.48329E+01 1948329E+C01 3.07117€+02 O, 3¢33652c¢02 0, 5433652E+02
52 O ( Qe e : O Do Oe 2. " Oe .
53 LY De [T O. % 9, Ce’ Oe
54 Do 0. [ 1Y Ne Oe Te Ge O
53 Do Ue Y Qo Ge Oe Ce Ne
EXPOP4/C £ QLOFTSVAZ(TI) EXPERIMENTAL PELAPS TYPE ®ROGRAM CONFIGURATINON CONTROLIYES
LOFT L145-420 Li-4 POSTEST ANALYSIS 18729717

CPY TIME = 1452

END TRIP SIGNAL.

LISTING OF INPUT DATA FOR CASE 1.

133100 6 2 13 4

tGAL/MINT 100. 2700 #LP1S
130200 4 2 2 4

TGAL/MINT 1004C

1 =LOFT L145-A21 L1=-4 POSTTEST ANALYSIS

2 * 132 DEGREE € ECC WATER

3 050431 1 0 6136 2¥0.0 0.C 174.8734
4 059461 [} 0 2297.9428436 270 -l. 5¢37
5 '

6

27040



_ THIS PAGE
WAS INTENTIONALLY
 LEFT BLANK



APPENDIX B

UNITS CONVERSION



| THIS PAGE
WAS INTENTIONALLY
~ LEFT BLANK



 ENGINEERING

TABLE B-1

UNITS CONVERSION OF THE RELAP4 DATA

Transducer
Identification

Calculation Method

DE-BL-1A, -1B,
and -1C

DE-BL-2A, -2B,
and -2C

DE-PC-1A, -1B,
and -1C

DE-PC-2A, -2B,
and -2C

DE-PC-3A, -3B,
and -3C

FE-BL-1A, -18,
and -1C

'FE-BL-2
FE-CS-1
FE-PC-1
FE-PC-2
FE-PC-3
FE=1ST-1
FE-25T-1

FT-P120-36-1
and -5 ’

FT-P120-85
FT-P128-104

FT-P139-27-1
and -3

1.0 = Jv29
1.0 + JV33 .
1.0 + JvV21
1.0 = Jv4
1.0 + JVi3

FV29 x 0.896566

FV33 x 0.138839
FV1 x 0.269663
FV21 x 1.0191
FV4 x 1.0191
FV13 x 1.05274
FV24 x 0.569718
FV52 x 0.284859

JF44 x 448.8312

JW54 x 7.48052
JW55 x 7.48052

JW5 x 0.0036

137

Engineering
Units

1om/ft3
1bm/ft>
]bm/ft3
Tbm/ft3
1bm/ft3
ft/sec

ft/sec
ft/sec
ft/sec
ft/sec
ft/sec
ft/sec

ft/sec

gpm

gpm
gpm
mlbm/hr



TABLE B=I (continued)

Transducer
Identification

Calculation Method

Engineering
Units

LE-1ST-1
LE-2ST-1

LIT-P120-44

LT-P139~-6, -7,
and -8

LT-P4-8B
ME-BL-1A, -1B,

and -1C
ME-BL-2
ME-CS-1
ME-PC-1
ME-PC-2 -
ME-PC-3

ME-1ST-1

ME-2S5T-1

(1.7534 x WM23 x VF23) +
(11.6916 x WM22 x.VF22) +
(7.9210 x WM21 x VF21)
(1.7534 x WM23 x VF23) +
(23.3832 x WM48 x VF48) +
(15.8421 x WM37 x VF37)
12.0 x ML43

10.2835 x ML

9.91453 x ML42 - 116.0
(0.001 + JV29) x

(absolute value of FV29) x

FV29 x 0.803831

(0.007 + JV33) x
(absolute value of FV33) x
Fv33 x 0.0192763 _ -.
(0.001 + JVI) x o
(absolute value of FV1) x
FVl x 0.0727181

(0.001 + JV21) x ,
(absolute value of FV21) x
FV21 x 1.03857 e .

(0.001 + JV4) x S
(absolute value of FVA) x
Fv4 x 1.03857

{0.001 + JV13) x
(absolute value of FV13) x
FV13 x 1.10826

(0.001 = JV24) x

(absolute value of ‘EV24) x -~

FV24 x 0.324579
(0.001 + JV52) x

(absolute value of FV52) x
FV52 x 0.0811447

"~ 138

inches

inches
inches

inches

iﬁches
k]Bmet—secZ‘

k]bm/ft—sec?:

K1bm/ft-sec2.

k]bm/ft—sec?.-

k]bm/ft-secz

. -
..

k]bm/ftséec2

Kibm/ft-sec?
2
kibm/ft-sec



TABLE B-I (continued)

Transducer » Engineering
Identification Calculation Method Units
PCP-1-F PRI5 x 0.016667 Hz
PCP-2-F PR16 x 0.016667 Hz
PdE-BL-4 AP36 - AP45 psid
PAE-BL-5 AP34 - AP36 | psid
PdE-BL-6 AP33 - AP34 | psid

'PdE-BL-7 © AP31 - AP33 - psid
PdE-BL-8 " AP30 - AP3] psid
PdE-CS-1 AP23 - AP2 psid
PdE-PC-1 AP19 - AP13 psid
PAE-PC-2 APG - AP12 S psid
PE-PC-3 AP3 - AP4 " . psid
PdE-PC-4 AP4 - AP6 psid’
PdE-PC-5 AP19 - AP20 ' ' psid =
1PdE-PC-? AP20 - AP25 : | psid
PdE-PC-8 (AP41 - AP4) x 0.89458 " psid’
PdE-PC-9 AP17 - AP14 psid
PAE-PC-10 AP18 - AP14 | psid
PAE-RV-1 AP23 -'43.0 : psid
PAE-RV-3 AP20 - AP48 o © psid
PdE-RV-4 AP1 - AP3 psid
PAE~2ST-2 AP37 - APAS psid
PAT-P139-30 AP20 - AP3 : psid
PE-BL-1 AP25 - 12.3 - psig

- 12.3 ' psig

PE-BL-2 AP28

139



TABLE B-I (continued)

Transducér
Identification

PE-BL-6

PE-CS-1A, -1B,
-1FF, and -2FF

PE-PC-1. .
PE-PC-2

PE-PC-3A and
-3B

PE-PC-4 .

PE-1ST-1A, -1B,
and -1FF

PE-1ST-3A, -3B,
and -3FF

PE-2ST-1A, -1B,
and -]FE.,

PT-P120-43,
PT-P120-61

PT F139 2, 3,
and -4 '

PT-P139-5 -
PI-pa-TOA’
RPE-PC-1"

RPE-PC-2

TE-BL-1A, -1B,
and -1C

TE-BL-2 .
TE-BL-3

TE-CS-1

Calcllation Method -

AP34 - 12.3
AP2 - 12.3

AP19 - 12.3
AP2 - 12.3

AP13 - 12.3
AP41 - 12.3
AP23 - 12.3
AP21 - 12.3
AP23 - 12.3
AP43 - 12.3
AP46 - 12.3
APS = 12.3

AP41 - 12.3
AP42 - 12.3
PR15

PR16

AT26

AT29

AT38

AT2

140

Engineering
" Units_

psig’

psig‘ '
psig

psig

psiy

psig
psig
psig

psig .
psig

psig.

psig
- psig”
psiy"
rpm

rpm’

°F
°F
o

°F



TABLE B-I (continued)

Transducer
Identification

- TE-PC-1
TE-PC-2
TE-PC-3

TE-P120-41

TE-P138-62

TE-P138-63

TE-P138-65

TE-P138-66

TE-P139-19
and -20

TE-P139-29
TE-SG-1
TE-SG-2
TE-SG-3
TE-1ST-1
TE-1ST-2, -3,
-4, -5, -6, -7,
and -8

TE-1ST-9, -10,
=11, -12, and -13

TE-1ST-14
TE-2ST-1
TE-25T7-2, -3,
-4, -5, -6, -7,
and -8

TE-25T-9, -10,
-11, -12, and -13

. AT20

AT3
AT13
AT43
AT44
AT27
AT36
AT45

AT41
AT20
AT7

AT11
AT42
AT21

AT22

AT23

. AT22

AT37

AT48

AT23

Ca]cu]ation Method

141

Engineering
Units

°F
°F
°F
°F
°F
OF,.
°F

°F

°F
°F
°F
°F
°F
°F
o

oF .

of
°F

oF

°F



TABLE B-I (continued)

Transducér~
Identification

TE-25T-14
TT-P120-62

TT-P120-32, -33,
and -34

Enthalpy at BL-1
Enthalpy at BL-2
Enthalpy at PC-1
Enthalpy at PC-2
Enthalpy at PC-3

Void fraction
at BL-1

Void fraction
at BL-2

Void fraction
at PC-1

Void fractioen
at PC-2 ’

Void fraction’
at PC-3

Mass flow/system
volume at BL-1

Mass flow/system
volume- at BL=2

Mass flow/system
volume at PC-1

Mass flow/system
volume at PC-2

Mass flow/system
volume at PC-3

Calculation Method

AT48
AT46
ATS

AH26
AH29
AH20
AH3

AH13

1.0

1.0

1.0

1.0

1.0
JwW29 + 273

JW33 + 273

JW21 =+ 273

JW4 + 273

JW13 + 273

(WM26 x VF26

(WM29 x VF29

(WM20 x VF20

(WM3 x VF3 x

(WM13 x VF13

x 0.653424)

x 0.433943)

x 0.61946)

0.125766)

x 0.225328)

Enginééking
Units

°F
°F
°F

Btu/1bm
Btu/]bm‘
Btu/1bm
Btu/1bm |

.Btu/]bm‘;
fracﬁioﬁ“
fraction
fractioﬁ
fracy.on
‘fféctidn‘

1bm/seCfft3':

1bm/sec ft~

1bm/sec-ft
'1bm/5ec-fta o

1bm/sec-ft>



TABLE B-I (continued)

Transducer - , ' Engineering
Identification Calculation Method Units
Static quality AX26 ’ fraction
at BL-1
Static quality AX29 fraction
at BL-2 : :

Static quality AX20 ' fraction
Static quality . AX3 : : fraction
at PC-2

Static quality AX13 S ~ fraction
at PC-3 - .
Saturation tempera-- . - : . :

ture at BL-] . TS26 °F
Saturation tempera-

ture at BL-2 TS29- . - °F
Saturation tempera- - : s :

ture at PC-1 7520 . °F
Saturation tempera-

ture at PC-2 TS3 , : °F
Saturation tempera- o o e S

ture at PC-3 TS13 °F
Saturation tempera- »

ture at CS-1 Y W _ , °F
Saturation tempera- .

ture at PE-1ST-1A  TS23 °F
Saturation tempera-

ture at PE-2ST-1A TS23 ' °F

Total mass of TM37 + TM21 + TM22 + TM48 + 1bm
liquid in reactor TM23 + TM49 + TM24 + TM2 + ’

vesse] : ™1

Total ECC mass ‘
flow rate JW44 + JW54 + JwW55 . 1bm/sec

- 143



TABLE B-1I (continued)

Transducer
Identification

Integrated ECC
mass flow rate
where
JVXX
FVXX
. JEXX
JWXX
AHXX
MLYY
WMYY
TMYY

PRYY

APYY

ATYY i

AXYY

TSYY

is
is
is

is

is

is
is
is
is

is

is.

is

Enginéerfng

Calculation Method . . Units
t . -
/' (JW44 + JW54 + JW55) dt 1bm
)
the junction specific vo]umé %n junctibn *X
the junction velocity in junction XX
the junction volumetric flow in junction XX_
the junction mass flow in junction XX
the junction enthalpy in junction XX ' -
the mixture level in volume YY
the liquid mass in-volume YY
the total mass in volume YY
the pump speed in volume YY
the average pressure in volume YY
the average temperaturc in volume' YY - - -
the average quality 1in volume YY
the saturation temperature in volume YY
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TABLE B-II

*~ ENGLISH TO SI UNITS CONVERSION CONSTANTS

gylal

145

Type : EnQTish Conversion
Measurement " Units Units Factor
Acceleration g Cm/s? 9. 806650E+00
Current rms A rms A rms 1. 000000E+00
Instantaneous A A 1.000000E+00
current
Density 1b/ft3 mg/m> 1.601846E-02
Average density b/ft> mg/m> 1.601846E-02
Enthalpy ' btu/1bm kd/kg 2.326000E+00
Extensiometer in. m 2. 540000E-02
Flow rate k1bm/hr kg/s 1.259979€E-01
Flow rate gpm Vs 6.309020E-02
Flow filtered gpm /s 6.309020E-02
Volumetric flow rate gpm 1/s 6. 309020E-02
Water horsepower hp MW 7.460430E-04
Integral mass flow 1bm kg 4.535924E-01
Flow quality 1.000000E+00
Frequency Hz “Hz 1. 000000E+00
Liquid Tevel in. m 2. 540000E-02
Coolant level in. m 2.540000E-02
Mass flow/system vol.  1bm/ft3=sec  kg/s-i>  ° 16.01846E+00
Mass flow rate 1bm/sec kg/s | 4.535924E-01
MassifTow rate .mlbm/hr kd/s 1.259979E+02
Momentum flux Kibm/ft-sec>  mg/m-s° 1.488164E+00



TABLE BfII (contirued)

sfal

Type English . Conversion.
Measurement Units Units Factor .
Momentum flux filter K1bm/ft-sec’ mg/m-sz} 1.488164E+00
valve position - pct pct 1. 000000E+00
Pressure psig : MPa. 6.894757E-03
Pressure psia MPa - 6.894757E-03
Coolant pressure psig . MPa 6.894757E;93,‘
Delta pressure psid MPa 6.899757E-O3"
Delta pressure in. HZO : . Pa 2.485400E;CZ_L_
Strain piﬁ;/in; pm/m 1;006000E+Qd”
Stress: . . 1bft. N 4.448222E+00
Stress K1bft N 4.448222F+03
Pump speed rpmn rpm 1.000QO0E+b0~
Purip rpm rpm rpm }:OOOOOOEfQQ
S1ip 1.00@000E+0d-
Static quality 1;000000f+06
Steam quality 1. 006000E+00
Velocity . ft/sec /s 3.048000E=01
Velocity filtered ft/sec m/s 3.048000E;Q]'
Average yg]ncity ft./sec m/s . 3.048000E-01
Liquid phase velocity . ft/sec ..m/s 3.048000§-01 .
Vapor phase velocity ft/sec m/s. 3.0480905101
Coolant velocity ft/sec . m/s 3.048000E-01
Volts rms V rms V rms 1.000009Ef00—.
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TABLE B-II (continued)

Type English SI[a] Conversion
Measurement Units . Units Factor
Instahfaneous volts

Void fraction

fa] SI - International

v Y : 1. 000000E+00
‘ 1. 000000E+00

System of Units.
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