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SUMMARY

This document contains comparisons between RELAP4/M006 predicted
and experimental measured quantities for Loss-of-Fluid Test Loss-of-
Coolant Experiraent L2-2. These data comparisons provide a detailed
record for subsequent analysis.

Comparisons indicate that the trends in the system hydraulic
response were generally predicted well. However, the broken cold leg
break flow was probably overpredicted in subcooled and saturated

critical flow which led to an incorrect core flow which resulted in
overpredicting the fuel rod cladding surface temperature response.
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RELAP4/ MOD 6 PREDICTIONS C04 PARIS 0NS

WITH LOFT LOCE L2-2 DATA

1. INTRODUCTION

An extensive comparison has been made with RELAP4/M006 predic-

tions and Loss-of-Fluid Tests (LOFT) Loss-of-Coolant Experiment (LOCE)
.

L2-2 data. This LTR primarily makes these comparisons generally
available. Qualitative observations are included that represent the
authors' understanding of how the physical processes which occurred
during the LOCE L2-2 relate to the approximation made in RELAP4/M006
calculations.

In the context of this report, the experimental data are most
easily compared as presented in the report f;gures; however, the
reader is asked to keep in mind the error associated with the instru-
ment response listed in Appendix A. Additionally, individual plots
are classified with respect to the experimental data in five cate-
gories as discussed in the following sections.

1.1 Qualified Engineering Unit Data (QEUD)

Qualified Engineering Unit Data (QEUD) must meet the following
criteria:

(1) Have had all calibration corrections applied

(2) Have been compared with independent data and found to

agree during the period of interest within specified
uncertainty limits

(3) Have been verified to represent the parameter being
measured.

1
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Analytical use of the data is unrestricted for the specified tirae
periods and within the defined uncertainty bands.

1.2 Restrained Data

Restrained data (REST) appear reasonable but cannot be classified

QEUD because they meet either one of the following criteria:

(1) They are outside uncertainty bands established by
reference measurements or derived from redundant
measurements when such are available

(2) There are no independent data available for applying
required calibration corrections during particular time
intervals, and there are either no redundant measure-

ments with which to compare the data, or the data are
outside uncertainty bands derived by such comparison
when redundant measurements are available.

The data have restrictive statements applied. Examples are:

(1) Not corrected for density changes af ter TZERO:

(2) Unexplained offset after T + X s

(3) Uncorrected for temoerature sensitivity af ter T + X s

(4) Valid only while sensor is immersed in liquid at T + X,>

Y, and Z s

(5) Uncertainty band of + D.D E/U applies between T + X and
T+Ys.

Restricted data used in numerical analyses are constrained by their
restrictive statements.

. \;I J
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1.3 Trend Data

Trend data (TREN) meet the following criteria:

(1) The basic data are thought to be good

(2) The calibration and performance of the data acquisition
system are not suspect

(3) There are lo reference measurements and there may be or
may not b, edundant measurements of the parameter
available ..r comparison

(4) The form of, and/or coefficient values for, calibration
correction equations are not well enough known to
provide QEUD data.

The data are suitable for illustrative purpo;ec. The data are to be
used in numerical analysis only with caution.

1.4 Not Reviewed Data

Not reviewed data (NORE) have not been reviewed by the DIRC (this
definition is for internal record-keeping only).

1.5 Computed Data

Computed data (COPE) have been calculated from measured data

using an Idaho National Engineering Laboratory (INEL) subroutine. In
the figures, the four letter acronym appears on the plot; the test
data trace is indicated by open squares while the calculated trace is
indicated by solid circles.

()[/,"
L
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2. DATA COMPARISONS

Appendix B contains figures of the LOFT experimental f acility
with transducer locations that can be viewed with the data by folding
the pages with the figures out.

In consideration of the large amount of data presented, some
cor.1ments that generally apply to all the comparisons are made here.

Many plots show that the initial value boundary condition was
improperly stated. This difference is probably the result of one of
two errors or a combination of them. The first is that the initial
test conditions were not exactly known prior to the experiment and the
second is that the physical system was not accurately described via
input data to the RELAP4/ MOD 6 solution scheme.

2.1 Density

Figures 1 and 2 show that the calculated broken loop density
values follow the general trend in the experimental data. Some

important differences are shown in the 4- to 5-s range. In this

interval, the experimental data show a rapid increase with a sub-
sequent decrease in the broken cold leg and in the broken hot leg, a
much slower decrease than the calculation.

The intact cold leg density (Figure 3) again shows a favorable
trend comparison; however, the knee in the experimental data at about
6 s is calculated to occur at abcut 4 s. Furthermore, the actual

system density appears to decrease more rapidly than the calculations
indicate once flashing begins. Af ter about 20 s, density spikes shown
in the data, are probably the result of subcooled ECC water entering
the cold leg piping at right angles and splashing in two directions.
Because RELAP4/M006 assumes one-dimensional behavior, these spikes are

not calculated. Similar discrepancies are shown in Figure 4, a
density comparison in the intact loop hot leg. Here, the calculated

4 OI b)[
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trace starts to decrease earlier and remains below the experimental
data until 8 s. The increasing trend in the experimental data af ter
6 s is not followed by the calculations. Generally, the calculated
data indicate an early flashing and low .nass inventory in the intact
loop.

2.2 Differential Pressure

Figure 5 shows the. calculated hot leg 14- to 5-in. contrac tion
differential pressure trace exhibits similar characteristics to the
experimenta; data. The higher calculated values in the 2- to 16-s
interval indicate a higher mass flow to the break than the experi-
mental data. The measured differential pressure trend across the pump
simulator, Figure 6, is not reflected in the calculations. Further-
more, the calculated data are greater than or equal to the experi-
mental data for time less than 15 s, indicating a high mass flow
calculation. The differential pressure traces shown in Figure 7 have
similar characteristics; however, the times at which the different
curves reach their minima and maxima are shifted. Particularly in the
1- to 4-s range, the calculated minimum occurs about 2 s earlier than
the measured one, indicating an early flow reduction was calculated in
the hot leg.

The intact loop pump differential pressure comparisore, shown in
Figure 8, shows the pump head degrades more rapidly in the calcu-

lations than in the actual system. The intact loop steam generator,
Figure 9, shows a differential pressure degradation comparison similar
to the pumps. The calculated intact loop flow is considered low
compared to the experimental data for time less than 10 s. The early
dif f erential pressure degradation in the intact loop is most likely a
result of low calculated density in this loop.

2.3 Flow Rate

Figures 10 and 11 show the accumulat )r and low-pressure injection
system (LPIS) flow rates, respectively. Both of these flows are a

- ,y..
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function of system pressure. Assuming the functional relationship was
accurately described, both comparisons indicate the calculated system
pressure was low compared to the actual system for time grec'<.r than
14 s. Figure 12 shows the volumetric flow comparison for the high-
pressure injection system (HPIS) pump. Since this pump is a po 'cive.

displacement type, the flow rate is essentially constant with down-
stream prti.sure; and the comparis .* indicates the expected flow ic
close to tat experimentally measured flow. Because the pump is
started or a low pressurizer level, the comparison indicates the
calculatec pressurizer leval trace is above the experimental values.

2.4 Level

The accumulator level comparison, shosn in Figure 13, indicates

the calculated time of accumulator flow initiation is earlv as men-
tienet previously; nowever, the data trends are in good agreement.
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The levels in the steam generator secondary, Figure 14, do not
compare well, indicating the boundary condition is not well stated at
this point in the system.

Figure 15, showing the calculated pressurizer emptying time
(15 s), agrees well with the measured data indicating the pressurizer
behavior was well calculated.

2.5 Mass Flow

Since mass flow is not a directly measured parameter in LOFT,
some algorithms have been developed at INEL to compute mass flow from
other measurements. The comparison to one of these techniques
is shown at each measurement location. The mass flow measurement
shown is the best experimental mass flow available at this time.

Figure 16, a comparison of the mass flow in the broken loop cold
leg, indicates the mass flow is generally less tnan or equal to the
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RELAP4/M006 calculated values. On the basis of data previously
presented (differential pressure and density), this result seems
reasonable. The general trends in the experimental data are followed
by the calculations.

For the broken loop hot leg, Figure 17, the calculated mass flow
trends do not follow the data very well. This seems reasonable based
on the differential pressure and density comparisons at this location.

In Figure 18 the general trend of the experimental data of the
intact loop cold leg is followed by the RELAP4/ MOD 6 calculations. The

expected decrease in experimental flow occurs approximately 2 s later
than the calculations indicate. The mass flow comparison in the
intact loop hot leg, Figure 19, shows the calculated flow is lower
than the experimental values which is consistent with comparisons of
differential pressure and density. The trends do not compare well
af ter about P s.
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2.6 Momentum Flux

The momentum flux comparison in the broken cold leg, Figure 20,
is consistent with previous comparisons indicating high calculated
values of breakflow at this location. A large disparity, shown in the
0- to 4-s range during the subcooled flow, indicates the calculation
is different from the experimental values. The comparison in the
broken hot leg, Figure 21, also seems consistent with other data at

s'

this location for time less than about 20 s. Af ter 20 s the momentum
flux in the experimental data indicates a flow reversal that is not
indicated by the differential pressure measurements at this location.
The behavior in the intact loop cold leg, Figure 22, seems consistent
with the mass flow measurements. Figure 23 compares the momentum flux
in the intact loop hot leg. This comparisco supports other indica-
tions at this location and indicates the general trends in the intact
loop hot leg were not calculated correctly. The comparison in
Figure 24 shows the momentum flux at the boitom of the downcomer on
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the broken loop side. The calculated and experimentally measured
values agree well until about 22 s when the calculations indicate a
large flow to the downcomer while the experimental data indicate a
small oscillating flow.

At the top of fuel assembly 1, Figure 25 shows the experimental
measurement of momentum flux has a sharp initial decrease followed by
a large increase and then decays to 0 at about 18 s. This trend is
followed in the calculations; however, the increase is not as large as
the experimental data indicate. This sa.r.e behavior is shown in

Figure 26, the momentum flux above fuel assembly 3. Figure 27 shows
the momentum flux on the intact loop side of the downcomer outlet to
'he lower plenum. The data compare favorably after 2 s. Before 2 s,.

a large flow to the downcomer is indicated by the experimental data
but is not calculated to occur great in magnitude. The momentum flux
comparison in Figures 24 and 27 are Lased cn inconsistent flow areas
which cause some of the magnitude differences.
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2.7 Pressure

Figures 28 through 36 show the pressure history comparisons at
dif ferent locations in the system. These figures show that the
calculated pressure agrees very well with the experimental data until
about 7 s. Af ter 7 s, the calculated pressure is lower than the
experimental data. The calculated break flow is indicated high.

Figures 37 and 38 indicate the boundary conditions at the steam
generator and suppressiori tank were probably improperly stated in the
calculations. Figure 39 indicates the accumulator flow started later

in the experiment than calculated and is consistent with flow ano

level comparisons.

2.8 Pump Speed

The primary coolant pump speed for pump 1 is shown in Figure 40.
The experimental data indicate the pump begins to " unload" at about
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4 s which agrees with a coincident measured pump differential pressure
degrada tion. The constant pump speed used in the calculations does

not follow the experimental data trend and is lower than the experi-
mental values.

2.9 Velocity

The coolant velocity comparison in the broken cold leg,
Figure 41, shows the calculated velocity is higher than the measured
velocity for a time period less than 20 s. An overprediction of
broken cold leg mass flow is again indicated. The broken hot leg
velocity comparison in Figure 42 supports indications in other
measurements that a flow reduction experienced in the experimental
f acility at about 4 s is calculated to occur about 2 s early. The

trends in the experimental data are generally not well followed by the
calculations.
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The intact cold leg velocity comparison, Figure 43, is very good
until 6 s at which time the calculated values begin diverging from the
experimental data. The velocity comparison in the intact hot leg,
shown in Figure 44, indicates the physical processes occurring in this

area are not well accounted for in the calculations since neither the
trends nor the magnitudes of the experimental measurement are followed
by the calculations.

2.10 Temperatures

Figures 45 and 46 compare the coolant temperatures in the broken

cold leg and broken hot leg. These comparisons indicate that a larger
initial subcooling existed in these areas than was used in the calcu-
lations. The larger initial subcooling is particularly true for the
broken hot leg. For the intact loops, Figures 47 and 48, the temper-
atures compared well until about 10 s when the calculated values begin
to fall below the measured data. Figures 49 through 60 compare the
coolant temperatures on the broken leg side of the downcomer. The
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temperature rise calculated at about 2 s at all locations was only
measured on the lowest thermocouple (Figure 60). The same general
behavior is shown in Figures 61 through 69 on the intact loop side of
the downcomer. The effects of the early core flow reversal in the
experiment probably did not propagate much f a ther than the lower
plenum. Late time disparities are due to the undercalculation of
pressure.

The comparisons, shown in Figures 70 through 72, for the lower
end box are very good until about 10 s and indicate an early core flow
reversal toJk place as indicated by other measurements. Above the
core, Figures 73 through 80, comparisons are also very good until
about 10 s with the exception of Figure 94 which indicates a measured
local temperature rise just above the center fuel assembly from 2 to 8
s not followed by the calculations. Some flow of surcrheated steam to
the upper plenum from the center assembly was not accounted for in the
calculations.
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The final set of temperature comparisons are the fuel rod clad-
ding surface response at various locations in the core. Figure 81
shows the response for a low powered rod at the 26-in. elevation. Tho

trends in the measured data are followed very well by the calcu-
lations; however, the calculated data are essentially shif ted back
ab ou t 2 s . In a control assembly, Figure 82 shows that the calcula-
tions are in very poor agreement with the data af ter about 2 s. The

measured data are below the calculated values and the trends do not
cornp are . Figures 83 through 97 are the comparisons for the high
powered fuel assembly. These comparisons are all very similar. In

the first 4 s, the comparisons are very good. Af ter 4 s, the n,easured
data diverge from the calculated values and remain less than the cal-
culations. Furthermore, the measured data trends are not reflected in
the calculations af ter 4 s. The measured data indicate that core heat
transfer was much higher than what was used in the calculations at
least in the 4- to 10-s range. These comparisons support other compar-
isons throughout the system that indicate a low calculated mass inven-
tory and lew core flow, both of which are needed to accommodate the

large energy release indicated in these figures by the measured data.
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3. CONCLUSIONS

In an integral type of experiment shown in these comparisons, an
overall system response is difficult to attribute to any single or
combination of parameters. On a qualitative comparison basis, one m=-

infer where a calculation may be improved with respect to test data.
To this end, the following is concluded from these comparisons.

(1) Break flow in both the hot and cold legs was calculated
too high resulting in an early low system mass inventory
and later in time, rapid depressurization.

(2) Mass flow in the intact loops was calculated too low.
The combination of the disparity between intact and
broken loop flow rates may result in the prediction or
low core up-flow early in the transient.

(3) In general, the thermal-hydraulic behavior in the intact
and broken hot lags did not compare well with the
experimental data.

(4 ) The experimental initial conditions of pressure losses
around the intact loop indicate that the LOFT RELAP4/

MOD 6 input model needs adjusting.

.
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4. RECOMMENDATIONS

(1) The break flow model used in the calculations should be
reviewed to ensure the actual break flow behavior is
approximated closely.

(2) Transient calculations should be performed for a few
seconds using the calculated steady state values
obtained from the test boundary conditions (i.e., core
power, hot leg temperature, steam generator mass flows,
and primary coolant pump speed) without initiating
blowdown to ensure the correct initial value boundary
condition is satisfied. The broken hot leg temperature
distribution function should be determined as well.

(3) The boundary conditions used during the calculations
should be corrected including the steam generator feed
and steaming rate and suppression tank pressure.
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APPEliDIX A

UNCERTAINTY OF LOFT MEASUREMENTS
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APPENDIX A

UNCERTAINTY OF LOFT MEASUREMENTS

Table A-I is a listing of transducer uncertainties for the
instruments used in this report. Generally, the measurements computed
by COPERA do not have an uncertainty value available.

TABLE A-I

TRANSDUCER UNCERTAINTIES

Measurement Range Uncertainty

DE-BL-1 0 - 1 Mg/m3 Not available

DE-BL-2 0 - 1 Mg/m3 Not available

DE-PC-1 0 - 1 Mg/m3 Not available

D E- PC- 2 0 - 1 Mg/m3 Not available

PDE-BL-1 0 - 0.35 MPa +0.88 kPa RSS +0.13% RDa

PDE-BL-5 0 - 10 MPa 125 kPa RSS 10.13% RD

PDE-BL-7 0 - 1.4 MPa 13.3 kPa RSS 10.11% RD

PDE-PC-1 0 - 0.7 MPa 11.7 kPa RSS 10.11% RD

PD E- PC- 2 0 - 0.35 MPa 10.88 kPa RSS 10.13% RD

FT-P120-36-1 0 - 126 1/s 10.73% RG

FT-P120-85 0 - 25 1/s 10.73% RG

FT-P120-104 0 - 1.89 1/s 10.73% RG

LIT-P120-44 0 - 3m 10.73% RG

LT-P004-8B -3.7 - 1.46 m 110% RG

LT-P139-6 -0 - 1.9 m 10.73% RG

FR-BL-1 Not available Not available

' h C- }30
~ '
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TABLE A-I (continued)_
_ _ . _

Measurement Range Uncertainty

FR-BL-2 Not available Not available

FR-PC-1 Not available Not available

FR-PC-2 Not available Not available

ME-BL-1 3 - 74 Mg/m s2 Not available

ME-BL-2 0.79 - 19 Mg/m s2 Not available

M E- PC- 1 3 - 74 Mg/m s2 Not available

ME-PC-2 3 - 74 Mg/m s2 Not available

2ME-1ST-1 0.3 - 5 Mg/m s 19% RG

ME-1UP-1 0.3 - 5 Mg/m s2 19% RG

ME-3UP-1 0.3 - 5 Mg/m s2 19% RG

ME-2ST-1 0.3 - 5 Mg/m s2 19% RG

PE-BL-1 0 - 21 MPa +1.0% RD RSS +0.2 MP

PE-BL-2 0 - 21 MPa +1.0% RD RSS +0.2 MP

PE-BL-6 0 - 21 MPa 11.C'' RD RSS 10.2 MP

P E- PC- 1 0 - 21 MPa +1.0% RD RSS +0.2 MP

PE-PC-2 0 - 21 MPa +1.0% RD RSS 10.2 MP

PE-1ST-1A 0 - 21 MPa +1.0% RD RSS +0.2 MP

PE-1ST-3A 0 - 21 MPa +1.0% RD RSS +0.2 MP

PE-1UP-1A 0 - 21 MPa 11.0% RD RSS 10.2 MP

PE-2ST-1A 0 - 21 MPa 11.0% RD RSS 10.2 MP

PE-SV-17 0 - 0.7 MPa Not available

PT-P004-10A 0 - 8.27 MPa 1.0% RG

PT-P120-43 0 - 7.0 MPa 1.7% RG

RPE-PC-2 Hot available Not available

' i.i
C \ '
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TABLE A-I (continued)

Measurement Range Uncertainty

FE-BL-1 2.0 - 45.0 m/s Not available

FE-BL-2 0.6 - 15.0 m/s Not available

Ft:-PC-1 0.6 - 15.0 m/s Not available

FE-PC-2 0.6 - 15.0 m/s Not available

TE-BL-1 270.0 - 1530.0 K Not available

TE-BL-2 270.0 - 1530.0 K Not available

TE-PC-1 270.0 - 1530.0 K Not availabl ?

TE-PC-2 270.0 - 1530.0 K Not available

TE-1ST-1 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-1ST-2 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-1ST-3 270.0 - 1530.0 K 14.2% PO RSS 10.13% RG

TE-1ST-4 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE.1ST-5 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-1ST-6 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-lST-8 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-1ST-9 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-1ST-11 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-1ST-12 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-1ST-13 270.0 - 1530.0 K +4.2% RD RSS +0.13% RG

TE-1Sf-14 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-2ST-1 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-2ST-2 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-2ST-3 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-2ST-5 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

755 l40
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TABLE A-I (continued)
___

Measurement Range Uncertainty

TE-2ST-7 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-2ST-9 270.0 - 1530.0 K +4.2% RD RSS +0.13% RG

TE-2ST-10 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-2ST-11 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-2ST-14 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-1LP-1 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

T E-6L P- 1 270.0 - 1530.0 K +4.2% RD RSS +0.13% RG

TE-2UP-1 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-3UP-4 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-3UP-5 270.0 - 1530.0 K +4.2% RD RSS +0.13% RG

TE-3UP-8 270.0 - 1530.0 K +4.2% RD RSS +0.13% RG

TE-4UP-1 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-5UP-9 270.0 - 1530.0 K +4.2% RD RSS +0.13% RG

TE-6UP-1 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE- 3B12 -26 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-4H13-37 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-5F4-15 270.0 - 1530.0 K +4.2% RD RSS +0.13% RG

TE-5F4-21 270.0 - 1530.0 K 14.2% RD RSS +0.13% RG

TE SJ4-21 270.0 - 1530.0 K +4.2% RD RSS 10.13% RG

TE-5J4-26 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-5F4-26 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-5J4-30 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-5F4-30 270.0 - 1530.0 K +4.2% RD RSS +0.13% RG

TE-5L6-30 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG
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TABLE A-I (continued)

Measurement Range Uncertainty

TE-5D6-30 270.0 - 1530.0 K +4.2% RD RSS +0.13% RG

TE-506-32 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-5L6-32 270.0 - 1530.0 K +4.2% RD RSS +0.13% RG

TE-506-37 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-5L6-37 270.0 - 1530.0 K +4.2% RD RSS +0.13% RG

TE-5D6-39 270.0 - 1530.0 K 14.2% RD RSS 10.13% RG

TE-5L6-39 270.0 - 1530.0 K +4.2% RD RSS +0.13% RG

a. RSS - root sum square

e.g.d(0.042RD)2+(-0.042RD) for TE-5L6-39

RG - range

RD - reading.
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APPENDIX B

LOFT SYSTEM WITH EXPERIMENTAL MEASUREMENT LOCATIONS
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APPENDIX B

LOFT SY STEM W 4. o'ERIMENTAL MEASUREMENT LOCATIONS

Figure B-1 shows the intact loop and external reactor vessel
instrumentation. Figure B-2 shows the broken loop instrumentation and
Figures B-3 and B-4 show the internal reactor vessel instrumentation.
Figure B-5 shows a core map. The core thermocouple identification
nunter can be used with this map to locate a transducer in the core.
The identification number is broken down as shown

Tranducer Location (in. from bottom of core)
Fuel Assembly Row

Fuel Assembly Column

Fuel Assembly Number

3 B 11-2
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