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ABSTRACT

Selected pertinent and uninterpreted data from the third nuclear large break loss-
of-coolant experiment (Experiment 12-5) conducted in the Loss-of-Fluid
Test (LOFT) facility are presented. The LOFT facility is a 50-MW(t) pressurized
water reactor (PWR) system with instruments that measure and provide data on the
system thermal-hydraulic and nuclear conditions. The operation of the LOFT
system 15 typical of large [ ~ 1000 MW(e¢)] commercial PWR operations.

Experiment L.2-5 simulated a double-ended offset shear of a cold leg in the
primary coolant system. The primary coolant pumps were tripped within 1 s after
the break initnation, simulating a loss of site power. Consistent with the loss of
power, the starting of the high- and low-pressure injection systems was delayed. The
peak fuel rod cladding temperature achieved was 1078 = 13 K. The emergency core
(ooling system re-covered the core and quenched the cladding. No evidence of core
damage was detected.

FIN No. A6043—LOFT Experimental Instrumentation




SUMMARY

Experiment L.2-5 was periormed June 16, 1982,
as part of the Loss-of-Fluid Test (LOFT)
Experimental Program ccnducted by EG&G
Idaho, Inc., for the U.S. Nuclear Regulatory
Commission. Experiment L2-5 is part of the
LOFT Power Ascension Experiment Series L2.

For the performance of Experiment 1.2-5, the
LOFT facility was configured to simulate a
double-ended 200% cold leg break. The reactor
scrammed and the primary coolant pumps were
tripped and decoupled from their flywheels within
1 s after the break initiation. A rewet of the upper
portion of the center fuel assembly began at
approximately 12 s and ended at approximately
23 5. The injection of high- and low-pressure
emergency core coolant (ECC) was delayed until
approximately 24 and 37 s, respectively. The fuel
rod peak cladding temperature of 1078 + 13 K
occurred at 28.47 + 0.02s. The cladding was
quenched and the core re-covered within 70 s
following the break initiation. The experiment was
terminated after approximately 2 min.

Following Experiment 1.2-5, the ECC injection
was stopped to keep the water level below the reac-
tor vessel nozzles. While monitoring the liquid
level with upper plenum thermocouples, the core
uncovered and heated up. The ECC injection was
reinitiated and re-covered the core with liquid.
Selected data from this heatup are included in this
report.

Experiment L.2-5 was initiated from the foliow-
ing primary coolant system initial conditions: hot
leg temperature, 589.7 + 1.6 K; cold leg
temperature, 556.6 + 4.0 K; hot leg pressure,
14.94 + 0.06 MPa; and intact loop flow rate,
192.4 + 7.8 kg/s. The preexperiment power level
was 36.0 + 1.2 MW, with a maximum linear heat
generation rate of 40.1 = 3.0 kW/m.

Fxperiment L2-5 satisfied the specified objec-
tives. This report presents data in the form of
graphs in SI and British units. In conjunction with
data obtained from direct measurement, selected
computed variables are included to facilitate the
analysis of the system thermal-hydraulic behavior.
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EXPERIMENT DATA REPORT FOR LOFT LARGE
BREAK LOSS-OF-COOLANT EXPERIMENT L2-5

1. INTRODUCTION

This report presents selected pertinent and
uninterpreted data from Experiment 1L.2-5, which
was conducted in the Loss-of-Fluid Test (LOFT)
facility on June 16, 1982. Experiment L2-§5 was
the third nuclear large break loss-of-coolant
¢ periment (LOCE) performed at LOFT and
simulated an offset skzar of a pnimary coolant
system cold leg pipe with an immediate primary
coolant pump tnp.

I'he LOFT facility is a SO-MW(t) pressurized
water reactor (PWR) with instrumentation 1o
measure and provide data on the thermal-
hydraulic and nuclear conditions throughout the
system. Operation of the LOFT system 1s typical
of large [ ~ 1000 MW(e)] commercial PWR opera-
tions. The LOFT facility consists of

1. A reactor vessel with a nuclear core

1]

An intact loop with an active steam
generator, pressurizer, and two primary
coolant pumps connected in parallel

1. A broken loop with a simulated pump,
simulated steam generator, and two quick-
opening blowdown valve assemblies

4. A blowdown suppression system consisting
of a header, suppression tank, and a spray
system

S.  An emergency core coolant (ECC) injec-
ton system consisting of two low-pressure
injection system (LPIS) pumps, two high-
pressure injection system (HPIS) pumps,
and two accumulators.

Figure 1-1 presents the LOFT piping schematic.
For addinonal informaton on the LOFT system,
refer to Reference | and Appendix A of this
report.

The data presented in this report are from 360
of the 629 instruments that provided data during

Experiment L.2-5. Only the data considered perti-
nent to the understanding of this experiment are
precented. The data are in an uninterpreted but
readily usable form for use by the nuclear com-
munity in advance of detailed analysis and inter.
pretation. The data, in the form of graphs in
engineering units, have been analyzed only to the
extent necessary to ensure that they are reasonable
and consistent.

Sections 1.1 and 1.2 state the LOFT Experimen-
tal Program objectives and the Experiment '.2-§
objectives, respectively, Section 2 summarizes the
experimental procedure and initial conditions.
Section 3 presents the data with supporting infor-
mation for data interpretation. Appendix A
describes the LOFT system configuration. Appen-
dix B describes the LOFT instrumentation system
and the methods of obtaining various
measurements, and presents a list of instruments
available for use in Experiment L2-5. Appendix C
summarizes the preexperimer! calibrations and
the methods used to verify the consistency and
accuracy of the data.

1.1 LOFT Experimental
Program Objectives

The LOFT integral® test facility was designed to
simulate the major components of a four-loop,
commercial PWR, thereby producing data on the
thermal, hydraulic, nuclear, and structural pro-
cesses expected to occur during a loss-of-coolant
a-cident (LOCA) in a PWR. Reference 1 describes
the LOFT facility in detail. The specific objectives
of the LOFT Experimental Program are to

a. The term ““integral’ 1s used to descnibe an experiment com-
bining the nuclear, thermal, hvdraulic, and structural processes
occurring during a loss-of-coolant accident as distinguished
from separate effects, nonnuclear, small-scale, and thermal-
hydraulic expenments conducted for loss-of-coolant analysis
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Provide data required to evaluate the ade-
quacy of and to improve the analytical
methods currently used to predict the
response of large PWRs to postulated acci-
dent conditions, the performance of
engineered safety features (ESFs) with par-
ticular emphasis on emergency core coolant
systeins (ECCS), and the quantitative
margins of safety inherent in the per-
formance ¢! the ESFs

Identify and investigate any unexpected
event(s) or threshold(s) in the response of
either the plant or the ESFs and develop
analytical techniques that adequately
describe and account for the unexpected
behavior(s)

Evaluate and develop methods to prepare,
operate, and recover systems and plant for
and from reactor accident conditions

Identify and investigate methods by which
reactor safety can be enhanced, with
emphasis on the interaction of the operator
with the plant.

1.2 Experiment L2-5 Objectives

The programmatic objectives of Experiment L2-5

ar: to

Provide experimental data to demonstrate
that Appendix K2 assumptions result in a
conservative prediction of peak clad
temperature, even if core hydraulic condi-
tions were L0 occur in a commercial reactor
which precluded the early return to
nucleate boiling (rewet)

Provide data to confirm that results from
early LOFT large break experiments were
not being significantly affected by external
cladding thermocouples.

To support the programmatic objectives, the
specific objectives of Experiment L.2-5 are to

Determine if early core rewet occurs
following a scaled LOFT 200% double-
ended cold leg break with immediate
primary coolant pump trip

Provide data on core thermal response
which can be used to evaluate computer
code predictions and to compare with
acceptance criteria in 10 CFR 50.

Determine system and core response during
normal ECC reflood following the double-
ended cold leg break transient

Evaluate cladding surface thermocouple
effects during blowdown and reflood by
comparing the responses of LOFT fuel
bundle instrumentation.



2. EXPERIMENTAL PROCEDURE AND INITIAL CONDITIONS

T'his section summarizes the experimental pro-
cedure and initial conditions recorded during
Experiment 12-5.

2.1 Experimental Procedure

Initial reactor criticality occurred approxi-
mately 54 h prior to experiment initiation. The
power level reached 36 + 2 MW at 28 h prior to
Experimert L2-5 and was maintained at approx-
imately that level until the experiment began. A
plot of the power level versus time for the 60-h
period prior to experiment initiation is given in
Figure 2-1. These data are an average of the four
power-range instrumenis. Adjustments to these
instrument:, based on secondary calorimetric
calculations, are made as necessary at power levels
of approximately 15, 25, and 37.5 MW,

Prior to initiating the experiment, a data
acquisition and visual display system (DAVDS)3
calibration and a data integrity check were per-
formed. During this period, the initial condition
water samples were taken from the primary
coolant system (PCS), the secondary coolant

system (SCS), and the blowdown suppression tank
(BST). Just prior to experiment initiation, the
purification lines were closed, the BST recircula-
tion pumps were turned on, the broken loop
warmup recirculation flow was stopped, and
heaters on the broken loop hot leg were turned
off. The broken loop isolation valves were
opened, and the pressurizer heaters were turned
off.

The DAVDS was activated and started
recording data ~7 min prior to the experiment.
The sequence of events for the experiment is pro-
vided in Table 2-1. Figure 2-2 shows the decay
heat during the experiment, which was calculated
using the American Nuclear Society
Standard 5.1.4

The experiment was initiated by opening the
quick-opening blowdown valves in the broken
loop hot and cold legs. The reactor scrammed on
low pressure at 0.24 + 0.01 s. The setpoints for
this and other plant trips are presented in
Table 2-2. Following the reactor scram, the
operators tripped the primary coolant pumps at
094 £ 0.01 s. The pumps were not connected to
their {lywheels during the coastdown.

EXPERIMENT L2-5
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TABLE 2-1. SEQUENCE OF EVENTS FOR EXPERIMENT L2-5

Time After
Experiment Initiation

Event (s)
Experiment L2-5 initiated 0.0
Subcooled blowdown ended 0.043 £ 0.01
Reactor scrammed 0.24 ¢ 0.01
Cladding temperatures initially deviated from 0.91 £ 0.2
saturation
Primary coolant pumps tripped 0.9 * 0.01
Subcooled break flow ended (cold leg) 3.4 * 0.5
Partial rewet initiated 12,1 £ 1.0
Pressurizer emptied 15.4 £ 1.0
Accumulator A injection initiated 16.8 £ 0.1
Partial rewet ended 22,7 £ 1.0
HPIS injection initiated 23.90 + 0.02
Maximum cladding temperature reached 28.47 % 0.02
LPIS injection initiated 37.32 £ 0.02
Accumulator emptied 49.6 * 0.1
Core cladding quenched 65 ¢ 2
BST maximum pressure reached 2.3 ¥ 1,0
LPIS injection terminated 107.1 t 0.4

a. The experiment was considered complete by this time.
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Figure 2-2.

A rewet of the upper portion of the center fuel
assembly began at approximately 12 s and ended
at approximately 23 s. Accumulator injection of
ECC 1o the intact loop cold leg began at
16.8 + 0.1 s. Delayed ECC injection from the
HPIS and LPIS began at 23.90 + 0.02 and 37.32
+ 0.02 s, respectively. The fuel rod peak cladding
temperature of 1078 + 13 K was attained at
28.47 + 0.02 5. The cladding was quenched at
65 + 25, following the core reflood. The LPIS
injection was stopped at 107.1 + 0.4 s, after the
experiment was considered complete.

The BST pressure was automatically controlled
by the spray system to simulate the containment
back pressure expected during a LOCA in a
commercial PWR.

Following Experiment L2-5, an attempt was
made to keep the reactor vessel liquid level below
the nozzles but above the core. This procedure is
being considered for use during the recovery from
Experiment 1.2-6. The liquid level was monitored
using upper plenum thermocouples. At approx-
imately 144 s, the HPIS was turned off. The core
began to uncover and heat up at approximately
190 s; the upper plenum thermocoupies gave no
indication of decreasing level. The HPIS and
LPIS injections were reinitiated at approximately

200
TIME AFTER RUPTURE (s)

LOFT decay heat following Experiment L2-5 mitiation.

274 and 347 s, respectively. The ECC was directed
to the lower plenum. The core was completely
quenched by 430 s.

The DAVDS recorded approximately 15 min of
data after the experiment was initiated. A voltage
insertion calibration of the DAVDS was per-
formed following the experiment.

2.2 Initial Conditions

The specified initial plant operating conditions
(except for the linear heat generation rate) for
Experiment 1.2-5 are presented in Table 2-3, along
with the values measured immediately prior to
experiment iritiation. Table 2-4 gives the linear
heat generation rate versus core height for three
locations within the LOFT core prior to experi-
ment initiation. The data for Table 2-4 were
obtained from the traversing in-core probe
system.

Table 2-5 gives the measured fluid temperatures
of the PCS immediately prior to experiment
initiation.

Table 2-6 specifies the required water chemistry
for the PCS, the BST, and the SCS. In addition,
the results of the water chemistry analyses are |re-
sented for preexperiment conditions in these
svstems, and for postexperiment conditions in the
BST
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TABLE 2-2. PLANT TRIPS FOR EXPERIMENT L2-5

o Trip Setpoint‘ Measurement Location
Reactor
Low-pressure scram 14.19 MPa Intact loop hot leg

Secondary coolant system

Main steam control valve open 7.12 MPa Main steam line
Main steam control valve stop opening 6.98 MPa Main steam line
Main steam control valve close 6.50 MPa Main steam line
Main steam control valve stop closing 6.57 MPa Main steam line

4. The trip may vary within the measurement uncertainty of the setpoint,
which is typically $0.2]1 MPa.

TABLE 2-3. INITIAL CONDITIONS FOR EXPERIMENT L2-5

Parameter Specified Value Measured Value

Primary Coolant System

Mass flow (kg/s) - 192.4 ¢ 7.8
Hot leg pressure (MPa) 14.95 ¢ 0.10 14.94 ¢ 0,06
Core AT (K) 35.8 £ 2.0 33.1 & 4.3%
Cold leg temperature (K) e 556.6 t 4.0
liot leg temperature (K) 592 t 2 589.7 ¢ 1.6
Boron concentration (ppm) e 668 £ 15
Reactor Vessel
Power level (MW) 37.5 £ 1.0 3%.0 ¢ 1.2#
Maximum linear heat generation rate - 40.1 £ 3.0
(kW/m)
Control rod position (above full-in 1.372 £ 0.013 1.376 ¢ 0.010
position) (m)
Pressurizer
Steam volume (m3§ — 0.32 £ 0.02
Ligquid volume (m”) - 0.61 £ 0.02
Liquid temperature (K) e 615.0 £ 0.3
Liquid level (m) 1.13 £ 0.18 1.14 £ 0.03
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TABLE 2-3. (continued)

Parameter

Specified Value

Measured Value

Broken Loog

Cold leg temperature near reactor
vessel (K)

Hot leg temperature near reactor
vessel (K)

Steam Generator Secondary Side

Saturation temperature (K)
Pressure (MPa)
Mass flow (kg/s)

Suppression Tank

Liquid level (m)

Liquid volume (m°)

Gas volume (m?)

Liquid temperature (K)
Pr- sure (gas space)(MPa)

Accumulator A

Liquid level (m)

Liquid volume (m?)

vapor volume (m?)
Pressure (MPa)

Liquid temperature (K)
Boron concentration (ppm)

Borated Water Storage Tank

Liquid temperature (K)
Boron concentration (ppm)

a. Out of specification, but is not believed to significantly affect

results,

As close as
practical to
intact loop
As close as
practical to
intact loop

1.27

356
0.08

2.045

a.z
306

303

+ 0.127

£ 5
+ 0.005

554.3

561.9

547.1
5.85
19.1

1.41
33.9
51.7
358.4
0.097

2.10
2.92
0.84
4.29
303.2
3239

301.7
3232

O o . -

+ I+

4.2

6.1
15




TABLE 2-4, LINEAR HEAT GENERATION RATE PRIOR TO EXPERIMENT L2-5
(Reading Uncertainty +7.6%)

Position Height Above
Core Bottom

(m)

0.152
0.292
0.394
0.456

0.503
0,546
0.648
0.749

0.846
0.886
0.953
1.054

1.181
1.257
1.299
1.359

1.511
1.613
1.664

Linear Heat Generation Rate for

Core Position

(kW/m)

1C7 5H8 5M3
9.78 16.95 16.73
19.03 32537 31.91
20.18 35.01 34.56
19.41 32.98 32.56
20.45 34,72 34,28
22.10 36.00 36.03
21.78 35.48 35.51
20.98 33.24 33.67
18.70 29.61 30.00
16.90 26.78 2712
17.05 26.05 27.36
15.93 24,15 24 .44
12.84 19.45 19.68
10.48 15.89 16.07
8.85 13.41 13:.57
7.61 11,53 11.67
3.76 6.26 5.88
1.82 3:.37 3.18
1.34 2.08 1.94




PRIMARY COOLANT TEMPERATURES AT EXPERIMENT L2-5 INITIATION

Measurement Temperature
Location Identification (K)

Intact loop hot leg (near vessel) TE-PC-002B 589.5
Intact loop steam generator outlet TE-SC-002 555.0
Intact loop cold leg (near vessel) TE-PC-005 556.4
Reactor vessel downcomer (Instrument Stalk 1) TE-158T-001 555.0
Reactor vessel lower plenum TE-1LP~001 555.7
Reactor vessel upper plenum TE-1UP-001 598.8

TE-4UP-001 581.5
TE-S5UP~010 606.5

Broken loop hot leg (near vessel) TE-BL-002B 561.9 %

Broken loop cold leg (near vessel) TE-BL-001B

Intact loop pressurizer PE-PC-004
(from saturation pressure)




TABLE 2-6. WATER CHEMISTRY RESULTS FOR EXPERIMENT L2-5

___Primary Coolant System _Blowdown Suppression Tank 7 Secondary Coolant System

FParameter _Specified Pg_o_s_rr:ri_eo_ryl_: Specified Preexperiment Postexperiment Specified Freexperiment

pH leach at 298 ) 4.2 to 10,5 4.2 to 10.5 4.91 9.0 to 10.2 10.01

Conductivity (umho/cm’) 60 maximom 60 maximum 12.22 2 maximm® 1.3
(each at 296 x)

lTotal gas (r.‘/b.) 100 maximom
Dissolved oxygen (ppm) - 0.005 maximum
Chloride (ppm) 0.15 maximum . 0.15 maximum . . 0.15 maximum
Undissolved solids (ppm) 1.0 maximum : 1.0 maximom . 1.0 maximum
Boron (ppm) - > 3050

Fluoride (ppm) 0.1 maximum 0.1 maximum

Wydrogen (em’/kg)® 16 to 60 16

Total gross activity (pCi/ml) 375 maximum 0.0055

Gross heta and gamma (pCi/mi) 0.0055

B3y (uei/m) 0.37 maximum 0

L35¢ (uci/m) 0.76 maximum 0

a. Sawple taken upstream from the primary coolant system ion exchanger.
b, Catiyon conductivity.

Prior to depressurization.




3. DATA PRESENTATION

The data presenied in this report are selected
pertinent and uninterpreted thermal-hydraulic and
nuclear data from LOFT Experiment L2-5. The
experiment data have been divided into iwo
categories, ‘‘Qualified”’ and ‘‘Failed.”” The
“Qualified”” designation was applied to measure-
ments that have been found to be within the uncer-
tainty of the instrument. The absence of a
comment following the “‘Qualified’” designation
indicates that the data are valid (that is, within
specified uncertainty bands) over the entire time
span recorded. Restrictive statements accompany
data that are invalid or questionable over a por-
tion of the recorded time span. All the data pre-
sented in this report are “*Qualified’”. The piot
capuons contain only applicable restrictive state-
ments; if no statement appears, the data are
“Qualified”’. Data that are not presented are
available from EG&G ldaho, Inc., upon special
request. The checks on data consistency and
instrument performance are discussed in detail in
Appendix C. Any information concerning calibra-
tion data may be received by contacting the LOFT
Data Analysis Branch Manager.

The data were processed and are presented in
graphical form in SI units. British units and
accompanying tick marks are also included. Most
of the data were collected at a rate of 50 samples
per second. Short-term plots contain 125 or fewer
points. Plots of longer time frames were reduced
to 2000 or fewer points for ease of piotting. This
was accomplished by dividing the time span into
approximately 1000 constant increments and plot-
ting only the minimum and maximum values in
each increment, The resulting plot looks nearly
identical to a plot produced by plotting every
point because of the finite resolution of the
plotiing device.

Uncertainties for experimental measurements
and computed variab are of the form
#AB)? + (M x RD/100)2, where B is the bias
(offset) uncertainty, RD is the percentage-of-
reading uncertainty, and M is the measurement
reading at a particular time. The uncertainties sup-
plied on the plots were calculated for M equal to
the maximum data value to ensure that the uncer-
tainties are conservative. Uncertainties for process
instruments are of the form + RG/ 100, where RG
is a percentage-of-range uncertainty. The values
B, RD, and RG were calculated at the 95% con-

fidence level. Uncertainty values are presented in
Table B-2 of Appendix B and on each plot

Uncertainty bands on selected measurements
are presented for ease in code companson. The
uncertainties are fixed values calculated at the
upper range of the recorded data so as to be con-
servative, On certain plots, the uncertainty band
may exceed a physical himit, such as a density
below zero. This is a resulr of the plotting soitware
and does not represen:t a real phenomenon.

The design ranges of the instruments are also
presented on each plot. In some cases, the instru-
ment range exceeds its design range. Computed
variables were calculated from several measure-
ments and thus do not have a design range.

Table 3-1 lists the Experiment L2-5 measure-
ments that provided the data presented in this
report and gives the detector location and the data
figure numbers. In addition, this tabl contains a
“Comments’’ coluni which gives information
pertaining to the qualification of the data. A list
of instruments available for Experiment L2-5 is
included in Table B-2.

Table 3-2 lists the variables that were computed
from other measurements and geometrical con-
stants. This table also gives the equations used to
compute these variables, the data figure number,
and comments which reflect on the usefulness of
the data.

The data are divided into six major sections
with the individual plots in each section being
presented in alphanumeric order to facilitate com-
parison and location of desired variables. These
data sections include:

1. Experiment 1.2-5 Measured Variables, Short-

Term Plots (2sor less), Figures 3S-1
through 3S-13

2. Experiment L.2-5 Measured 'Variables,
Medium-Term Piots (-5 to 30 s),

Figures 3M-1 through 3M-100



3. Experiment 1.2-5 Measured Variables, Long- 5. Experiment L.2-5 Variables with Uncertainty

Term Plots (-20 to 120 s), Figures 3L-1 Bands, Figures 3U-1 through 3U-13
through 31-129
4. Experiment L.2-5 Computed Vanables, 6. Post-Experiment 1.2-5 Measured Variables
Figures 3C-1 through 3C-21 (150 to 450 s), Figures 3R-1 through 3R-18.
-




TABLE 3-1. MEASURED VARIABLES FOR EXPERIMENT L2-5
Variable,
System, and Figure
Detector Location Number Comment s
VALVE OPENINC
Secondary Coolant
Syeten
CV-P00O4-010 Main steam contrecl valve. IM-1 Qualified.
Broken Loop
CV-P138-001 Quick-opening blowdown 3s-1 Qualified, except
valve (QOBV) in cold leg. for spurious
spikes.
Cv=-P138-015 QOBV in hot leg. 3s-2 Qualified, except
for spurious
spikes.
DENSITY
Broken Loop
DE-BL-001A Cold leg at drag 3M-2 Qualified.
disc-turbine transducer 3L-1
(DTT) flange. Beam A
is 14° 21 min from
Beam B [clockwise
(CW looking toward
reactor vessel (RV)].
DE-BL~-001B “old leg at DTT flange. 3M-3 Qualified.
Beam B 1s through IL~2
centerline of pipe 3u-1
45° from vertical
[counterclockwise (CCW)
looking toward RV].
DE-BL-001C Cold leg at DIT flange. IM-4 Qualified.
Beam C is 22° 7 min from 3L-3
Beam B (CCW looking
toward RV).
PE~-BL-002A Hot leg at DTT flange. IM-5 Qualified.
Beam A is 14° 21 min 3L-4
from Beam B (CCW looking 3u-2

toward RV).

14



TABLE 3-1. (continued)

Variable,

System, and Figure

Detector Location Number Comment s
DENSITY

(continued)

Broken Loog

Lgontinued)

DE-BL-002C Hot leg at DTT flange. IM-6 Qualified, except
Beam C is 22° 7 min from 3L-5 for spurious
Beam B (CW looking spikes.

toward RV).

Iatact Loop

DE-PC-001A Cold leg at DIT flange. 3M-7 Qualified.
Beam A is 14° 21 min 3L-6
from Beam B (CW looking
away from RV).

DE-PC-001B Cold leg at DTT flange. 3M-8 Qualified.
Beam B through centerline 3L~7
of pipe 45° from vertical 3U-3
(CCW looking away from
RV).

DE-PC-001C Cold leg at DIT flange. IM-9 Qualified.
Beam C is 22° 7 min 3L-8
from Beam B (TUCW
looking away from RV).

DE-FPC-002A Hot leg at DTT flange. 3M-10 Qualified.
Beam A is 14° 21 min 3L-9
from Beam B (CW looking
away from RV).

DE-PC-002B Hot leg at DTT flange. 3M-11 Qualified.
Beam B through centerline 3L-10
of pipe 45° from vertical 3U-4
(CCW looking away irom RV).

DE-PC-002C Hot leg at DTT flange. IM-12 Qualified, except
Beam C is 22° 7 min from 3L-11 for spurious
Beam B (CCW looking spikes.,

away from RV).

15
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TABLE 3-1. (continued)
Variable,
System, and Figure
Detector Location Number Comment s
FUEL ASSEMBLY
DISFLACEMENT
Assembly 5
DIE-5G13-01 Fuel rod at Row G, 3L-12 Qualified,
Column 13 of Fuel magnitude
Assembly 5. uncertain.
DIE-5H03-01 Fuel rcd at Row H, 3L.-13 Qualified,
Column 3 of Fuel magnitude
Assembly 5. uncertain.
DIE-S5113-01 Fuel rod at Row I, 3L-14 Qualified,
Column 13 of Fuel magnitude
Assembly 5. uncertain.
DIE-5UP-002 At top center of Fuel 3L-15 Qualified,
Assembly 5. magnitude
uncertain.
FLUID VELOCITY
Intact Leop
FE-PC-0C1A Cold leg DTT horizontal 3M-13 Qualified, flow
flange on west side 3L-16 direction not
of pipe. indicated.
FE-PC-001B Cold leg DTT herizontal IM-14 Qualified, flow
flange at center of pipe. 3L-17 direction not
indicated.
FE-PC~001C Cold leg DTT horizontal 3M-15 Qualified, flow
tlange on east side 3L-18 direction not
of pipe. indicated.
FE-PC-002A Hot leg DTT flange IM~-16 Qualified, flow
at bottom of pipe. 3L~19 direction not
indicated.
FE-PC-002B Hot leg DTT flange at 3M-17 Qualified, flow
middle of pipe. 3L-20 direction not

16

indicated.



TABLE 3-1. (continued)

Variable,
I System, and Figure
Detector . Location Numbe r Comment s
FLUID VELOCITY
I (continued)
! Intact Loog
i {r atinue
I FE-PC=002C Hot leg DIT flenge IM-18 Qualified, fiow
, at top of pipe. L-21 direction not
i indicated,
| Reactor Vessel
I FE~1ST-001 Downcomer Stalk 1. IM-19 Qualified, flow
: direction not
; indicated,
i FE-18T-002 Downcomer Stalk 1. 3L-22 Qualified, flow
direction not
i indicated,
: unexplained noise.
4 FE-5LP=001 Lower end box of Fuel IM=20 Qualified, flow
; Assembly 5. 3L-23 direction not
1 indicated.
:
f FE-5UP-001 Above upper end box of M-21  Qualified, flow
i Fuel Assembly 5. 3L-24  direction not
i iﬂdic.ttd.
: FLOW RATE
Secondary
, Coolant System
[
FT-P004~-72~2 Flow out of main IM-22 Qualified.
feedwater pump.
|
[ Emergency Cure
, Cooling System
FT-P120-085 Low-pressure injection 3L-25 Qualified, except
system (LP1S) Pump A for spurious
' discharge. spikes.
|
I
!
i
' 17



TABLE 3«1, (continued)

Variable,
System, and
Detector Location Numbe r Copment s
FLOW RATE
{continued)
Eacg‘gncxgporo
Cooling System
(cont inued
FI-Pl28~104 High-pressure injection 3L-26 Qualified.
system (HPIS) Pump A IK-2
discharge.
LIQUID LEVEL
Emergency Core
Cooling System
LE-ECC~01A Accumulator A. 3L-27 Qualified.
L1T-P120~044 Accumulator A. 3L-27 Qualified, pressure
sensitive after
tank emptied.
lowdown Sup~-
pression Tank
L1-P138-033 Blowdown suppression tank 3L-28 Qualified.
(BST) level on north end
of tank.
LT-P138~058 BST level on south end of 3L-29 Qualified.
tank.
MOMENTUM FLUX
Broken Loop
ME~BL-001A Cold leg DTT flange at IM-23 Qualified.
bottom of pipe, high 3U-5
range .
ME~RL~001C Cold leg DIT flange at IM-24 Qualified.
top of pipe, high
range .
ME-BL-001D Cold leg DIT flange at IM-25 Qualified, narrow
bottom of pipe, low JL-30 range instrument.

range .



TABLE 3-1. (continued)

ey e et

Variable,
System, and Figure
Detector Location Number Comment s
MOMENTUM FLUX
{continued)
Broken Loos
{cont inued
ME-BL=001E Cold leg DIT flange at 3M=-26 Qualified, narrow
middle of pipe, low 3L-31 range instrument.
range .
ME~BL-Q01F Cold leg DIT flange at IM-27 Qualified, narrow
top of pipe, low range. 3L-32 range instrument.
ME~BL-002A Hot leg DTIT flange at IM-28 Qualified,
bottom of pipe, high 3L-33
range.
ME-BL-002B Hot leg DTT flange at IM-29 Qualified.
center of pipe, high 3L-34
range, 3U=-6
ME-EL-002C Hot leg DTT flange at 3M-30 Qualified.
top of pipe, high range. 3L-35
ME~BL~002D Hot leg DTT flange at 3L-36 Qualified after
bottom of pipe, low range. 20 s.
ME~BL-002E Hot leg DTT flange at IL-37 Qualified after
center of pipe, low range. 20 s.
ME-BL-002F Hot leg DIT flange at 3L-38 Qualified after
top of pipe, low range, 20 s.
Intact Loop
ME-PC-001B Cold leg horizontal DIT IM-31 Qualified.
flange at center of pipe. 3L-39
ME-PC-001C Cold leg horizontal DTT IM-32 Quaiified.
flange on east side of 31L-40
pipe.
ME-PC-002A Hot leg DIT flange at 3M-33 Qualified.
bottom of pipe. 3L-41



TABLE 3-1.

(continued)

Variable,
System, and

Detector

MOMENTUM FLUX

(continued)

Intact Loop
(cont inued)

ME-PC-0028B

Reactor Vessel

ME-151-001

ME-5LF-002

ME-5UP-001

NEUTRON
DETECTIUN

Reactor Vessel

NE-2HOB~ 26

NE~4HOB-26

NE-5DOB-11

NE-5D0O8-27

NE=5DOB~44

NE=5D08&-61

NE-6HOB-26

Location

Hot leg DTT flange at

middle of pipe.

Nowncomer Stalk 1

1.16 m above RV bottom.

Fuel Assembly 5, lower

end box.

Fuel Assembly 5 above

upper end box.

Neutron detector
Assembly 2.

Neutron detector
Assembly 4.

Neutron detector
Assembly 5.

Neutron detector
Assembly 5.

Neutron detector
Assembly 5.

Neutron detector
Assembly 5.

Neutron detector
Assembly 6.

in

in

in

in

in

in

in

Fuel

Fral

Fuel

Fuel

Fuel

Fuel

Fuel

Figure

Numbe r Comment &

IM-34 Qualified.

IL-42

IM-35 Qualified.

3M-36 Qualified.

3L-43

3M-137 Qualified.

3L-44

35-3 Qualified, magnitude
uncertain.

38~-3 Qualified, magnitude
uncertain.

38-4 Qualified, magnitude
uncertain.

38-3 Qualified, magnitude

38-4 uncertain.

35-4 Qualified, magnitude
uncertain.

38-4 Qualified, magnitude
uncertain.

38-3 Qualified, magnitude
uncertain.



TABLE 3-1. (continued)

Variable,
System, and Figure
Detector l.ocation Numbe r Comment s
ELECTRICAL
POWER

Lﬂtnct Loop

PCP~1~P Frimary coolart pump
(PCP) 1.

PCP=2~F PCP-2.

DIFFERENTIAL

FRESSURE

Broken Loop

PAdE~BL-001 Hot leg across l4- to 5-in.
contraction.

PAE-BL-002 Cold leg across l4- to 5-in,
contraction.

PdE~BL-003 Cold leg acrcss break plane,

PAE-BL~-004 Hot leg across break plane.

PdE-BL-005 Hot leg across pump

cimulator.

PAdE-BL-0G6 Hot leg across steam
generator (SG) simulator
outlet flange.

PAdE-BL-007 Hot leg across SC
simulator.
PAE-BL-008 Hot leg across SG

simulator inlet flange.
PAE-BL-009 From 14- to 5-in.

contraction to middle of
5=in. pipe.

21

3M-38 Qualified.

3M-39 Cualified.

3L-45 Qualified.

IL-46 Qualified.

3L-47 Qualified,
31-48 Qualified, no other
measurement for

direct comparison.

3L-49 Qualified.

3L-50 Qualified.

31.=31 Qualified, except
for spurious spikes.

3L-52 Qualified.

3L-53 Qualified.



TABLE 3-1. (continued)

Variable,

System, and Figure

Detector Location Numbe r Comment s
DIFFERENTIAL
PRESSURE

(cont inued)

Eroken Loo

icoutinuedg

PAdE~BL-u10 From middle of 5-in.
pipe to break plane.

PAE-BL-011 Pump simulator outlet
to PE-BL-003.

PAE~BL-012 From PE-BL-003 to break

plane inlet.

Intact Loop

PAE~-PC~001 Cold leg across PCPs.

PAE-PC-002 Across SG,

PAE-PC-003 Hot leg piping, RV to
SG inlet,

PAE~PC~005 Cold leg piping, PCPs
nozzle.

PAE-PC-006 RV outlet to inlet.

PAT-P139-030 Across RV just beyond

intact loop inlet and
outlet nozzles.

to RV

3L-54 Qualified, narrow
range instrument,
good after 20 s.

3L-55 Qualified, shares
tap with PdE-BL-012Z,
may have common line
problems.

3L-56 Qualified, shares
tap with PJdE-BL-011,
may have common line
problems.

IM-40 Qualified.
3L-57

M-41 Qualified.
3L-58

IM-42 Qualified.
3L-59

IM-43 Qualified.
3L-60

IM-44 Qualified.
3L-6]

IM=45 Qualified, uni~-
directional
inst rument .
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TABLE 3-1. (continued)

Variable,
System, and Figure
Detector Location Numbe r Comment &
PRESSURE
Broken Loop
PE-BL-001 Cold leg at DIT flange. 38-5 Qualified.
IM-46
3L-62
PE-BL-002 Hot leg at DTT flange. 38-6 Qualified.
IM=47
3L-63
PE-BL-004 Cold leg at inlet of 38~7 Qualified.
spool pirece. 3L-62
PE-LL-006 Hot leg at outlet 35~8 Qualified.
O‘ SC. 3L‘63
PE~BL-008 Cold leg downstream 38-9 Qualified,
of break plane, 31-62
Intact Loop
PE-PC-001 told leg at DIT flange. 3s-10 Qualified.
IM-4B
JL-64
PE-PC-002 Hot leg at DTT flange. 38-11 Qualified,
IM-49
3L-65
PE-PC-004 Pressurizer vapor space. IM-50 Qualified,
PE-PC-005 Reference pressure between IM-51 Qualified.
SG outlet and PCP inlet.
PE-PL-006 Reference pressure between 3L-66 Qualified,
SG outlet and PCP inlet.
Secondary
Coolant System
PE-SGS-001 SG dome pressure. 3L-67 Qualified,
T




TABLE 3-1. (continued)

Variable,

System, and Figure

Detector Location Numbe r Comment s
PRESSURE

(continued)

Blowdown Sup~-
pression System

PE~SV-003 BST across from 3L-68 Qualified.
Downcomer 1 (south
end), 157.5° from
top vertical (CW
looking north).

PE-SV-014 BST header above 3L-68 Qualified.
Downcomer &, 327°
from top vertical
(CW looking north).

PE-SV-018 BST header above IM-52 Qualified.
Downcomer 1.

PE-SV-055 BST bottom under IM=-52 Qualified.
Downcomer 3.

PE~SV-060 BST top above Down- 3L-68 Qualified.
comer 1.

Reactor Vessel

PE~1ST-001A Downcomer Stalk 1, 0.62 m 3M-53 Qualified.
above RV bottom.

PE-1ST-003A Downcomer Stalk 1, 5.32 m 3L-69 Qualified.
above RV bottom.

PE-1UP-001A Above Fuel Assembly 1 upper  3M-54 Qualified.
end box. 3u=-7

PE-1UP-001A1 Above Fuel Assembly 1 upper  35-12 Quaiified.
end box. 3L-70

3R-3
Secondary

Coolant System

PT-POU4~010A In 10-in. line from SG. 3M-55 Qualified.



TABLE 3-1.

(cont inued)

Variable,
System, and
Detector

Figure

Location Numbe r

Comment s

PRESSURE
(continued)

Emergency Core

Cooling System

PT-P120-043

Intact LouE

PT-P139-002

PT-P139-003

PT-P139-004

PT~P139-05~1

REACTIVITY

Reactor Vessel

RE~T=77~1A2

RE-T-77-2A2

RE-T-77-3A2

Accumulator A.

Hot leg at venturi on
bottom.

Hot leg at venturi
on lett side looking
toward SG.

Hot leg at venturi
on right side looking
toward SG.

Pressurizer, 1.88 m above
bottom (vapor space).

Power range, Channel A
level.

Power range, Channel B
level.

Power range, Channel C
level.

Qualified, excey.
for spurious spikes.

Qualified, except
for spurious
spikes, response
limited during
subcooled blowdown.

Qualified, except
for spurious spikes,
response limited
during subcooled
blowdown.

Qualified, except
for spurious
spikes, response
limited during
subcooled blowdown.

Qualified.

Qualified.

Qualified.

Qualified.
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TABLE ~1.

(continued )

Varic'le,
System, and

Detector

PUMP SPEED

Intact Loop
RPE-PC-001

RPE-PC-002
TEMPERATURE

Reactor Vessel

TC=5C07-27

TC=5D07~-27

TC-5D09-27

TC-5D10~27

Broken Loop
TE-BL-0014A

TE-EL-001B

Figure

Location Numbe r Comment s
PCP-1. 3L-73 Qualified.
PCP-2. 31.-73 Qualified.
Centerline of Fuel IM-57 Qualified.
Assembly 5, Row C, 3L-74
Column 7 at 0.69 m above IR~4
bottom of fuel rod.
Centerline of Fuel IM-58 Qualified.
Assembly 5, Row D, 3U-8
Column 7 at 0.69 m
above bottom of fuel
rod.
Centerline of Fuel IM-57 Qualified.
Assembly 5, Row D, 3L-74
Column 9 at 0.69 m above 3R-4
bottom of fuel rod.
Centerline of Fuel IM-57 Qualified.
Assembly 5, Row D,
Column 10 at 0.69 m
above bottom of fuel rod.
Cold leg DTT flange IM-59 Qualified, possible
at bottom of pipe. 3L-75 hot wall effects.
Cold leg DTT flange at 3M-59 Qualified, possible
middle of pipe. 3L-75 hot wall effects.



TABLE 3-1. (continued)
Variable,
System, and Figure
Detector Location Number Comment s
TEMPERATURE
(continued)
Eroken Loo
lcontinuedg
TE-EL-001C Cold leg DIT flange 3M-59 Qualified, possible
at top of pipe. 3L=-75 hot wall effects.
TE-BL-002B Hot leg DTT flange at 3M-60 Qualified, possible
middle of pipe. 3L-76 hot wall effects.
Intact Loop
TE-PC-001A Cold leg DIT horizontal IM-61 Qualified, poesible
flange on west side of 3L=77 hot wall effects.
pipe.
TE-PC-001B Cold leg DTT horizontal 3M-61 Qualified, possible
flange at center of pipe. 3L~77 hot wall effects.
TE-PC-001C Cold leg DTT horizontal 3M-61 Qualified, possible
flange on east side 3L-77 hot wall effects.
of pipe.
TE-PC-002A Hot leg DTT flange at IM-62 Qualified, possible
bottom of pipe. 3L-78 hot wall effects.
TE-PC-002B Hot leg DTT flange at 3M-62 Qualified, possible
middle of pipe. 3L-78 hot wall effects.
TE-PC-002C Hot leg DTT flange at top 3M-62 Qualified, possible
of pipe. 3L-78 hot wall effects.
TE-PC-005 Next tc bottom of emergency  3L-79 Qualified, possible
core coolant (ECC) Rake 1. hot wall effects.
TE-PC=009 Next to bottom of ECC 3M-63 Qualified, possible
Rake 2. 3L-79 hot wall effects.
TE-PC=010 Next to top of ECC 3M-63 Qualified, possible
Rake 2. hot wall effects.
TE-PC-011 Top of ECC Rake 2. IM-63 Qualified, possible

27

hot wall effects.



TABLE 3-1. (continued)

Variable,
Systewm, and Figure
Detector Location Number Comment s
TEMPERATURE
(continued)
Emergency Core
Codethéyntem
TE-P120-041 Accumulator A. 3L-80 Qualified.
Intact Loop
TE-P139-019 Pressurizer vapor space, IM-64 Qualified, hot wall
0.86 m above heater effects and limited
rods. time response.
TE-P139-020 Pressurizer liquid volume, IM-64 Qualified, hot wall
0.36 m above heater rods. effects and limited
time response.
TE-P139-20-1 Pressurizer liquid volume. 3L-81 Qualified, hot wall
effects and limited
time response.
TE-$G-001 SG inlet plepum. 3M-65 Qualified, poseible
hot wall effects
after 40 s.
TE-SG-001A S$G inlet plenum. 3L-82 Qualified, possible
hot wall effects
after 40 s.
TE-SG-002 SC outlet plenum. IM-65 Qualified, possible
hot wall effects
after 18 s.
TE-SG-002A SGC outlet plenum. 3L-82 Qualified, possible
hot wall effects
after 18 s.
Secondary
Coolant System
TE-SG-003 SG secondary side down= 3L-83 Qualified.

comer, 0.25 m above top of
tube shect.



TABLE 3-1. (continued)
Variable,
System, and Figure
Detector Location Numbe r Comment s

TEMPERATURE

(continued)

Secondary

Coolant System

{continued)

TE-SG=005 SG secondary side down- 3L-83 Qualified.
comer, 2.92 m above top
of tube sheet.

Blowdown

Suppression

System

TE-SV-001 BST, 0.3 m north of 3L-84 Qualified.
Downcomer 1, 0.53 m east
of tank centerline,
2.72 m from tank bottom.

TE-SV-002 BST, 0.3 m north of 3L-84 Qualified.
Downcomer 1, 0.53 m east
of tank centerline,
2.36 m from tank bottom.

TE-SV=-003 BST, 0.3 m north of 3L-84 Qualified.
Downcomer 1, 0.53 m east
of tank centerline,
1.90 m from tank bottom.

TE-SV-004 BST, 0.3 m north of 3L-84 Qualified.
Downcomer 1, 0.53 m east
of tank centerline,
1.45 m from tank bottom.

TE-SV=-006 BST, 0.3 m north of 3L-85 Qualified.
Downcomer 1, 0.53 m east of
tank centerline, 0.37 m
from tank bottom.

TE-SV-007 BST, 0.3 m north of 3M-66 Qualified.
Downcor v 3, 0.53 m east 3L-86

of tank centerline,
2.72 m from tank bottom.
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TABLE 3-1. (continued)

Variable,
System, and Figure

__Detector Location Numbe r Comment s

TEMPERATURE

(continued)

Blowdown

Suppression

System

gcontlnueql

TE-SV-008 BST, 0.3 m north of 3L-86 Qualified.
Downcomer 3, 0.53 m east
of tank centerline,
2.36 m from tank bottom.

TE-SV-00Y BST, 0.3 m north of 3M-66 Qualified.
Downcomer 3, 0.53 m east 3L-86
of tank centerline,
1,90 m from tank bottom.

TE-SV-010 EST, 0.3 m north of IM-66 Qualified.
Downcomer 3, 0.53 m east 3L-86
of tank centerline,
1.45 m from tank bottom.

TE-SV-011 BST, 0.3 m north of IM-66 Qualified.
Downcomer 3, 0.53 m east of 3L-85
tank centerline, 0.99 m
from tank bottom.

Reactor Vessel

TE-1A11-030 Cladding on Fuel IM-67 Qualified.
Assenbly 1, Row A,
Column 11, 0.76 m above
bottom of fuel rod.

TE-1B10-037 Cladding on Fuel 3L-87 Qualified.
Assembly 1, Row B,
Column 10, 0.94 m above
bottom of fuel rod.

TE-1B11-028 Cladding on Fuel 3L-87 Qualified.

Assembly 1, Row B,
Column 11, at 0.7l m
above bottom of fuel rod.
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TABLE 3-1. (continued)
Variable,
System, and Figure
Detector Location Numbe r Comment s
TEMPERATURE
(continued)
Reactor Vessel
(continued)
TE~1B11-032 Cladding on Fuel 3L-87 Qualified.
Assembly 1, Row b,
Column 11, at 0.81 m above
bottom of fuel rod.
TE-1B12-026 Cladding on Fuel 31.-87 Qualified.
Assembly 1, Row B,
Column 12, 0.66 m above
bottom of fuel rod.
TE-I1C11-02] Cladding on Fuel IM-67 Qualified.
Assembly 1, Row C,
Column 11, 0.53 m above
bottom of fuel rod.
TE~1C11-039 Cladding on Fuel IM-67 Qualified.
Assembly 1, Row C,
Column 11, 0.99 m above
bottom of fuel rod.
TE-1F07-015 Fuel Assembly 1, Row F, 3L-88 Qualified.
Column 7, 0.38 m above 3R~-5
bottom of fuel rod.
TE-1F07-021 Fuel Assembly 1, Row F, 3L-88 Qualified.
Column 7, 0.53 m above 3R-5
bottom of fuel rod.
TE-1F07-026 Fuel Assembly 1, Row F, 3L-88 Qualified.
Column 7, 0.66 m above 3R-5
bottom of fuel rod.
TE-1F07-030 Fuel Assembly 1, Row F, 3L-88 Qualified.
Column 7, 0.76 m above 3R-5
bottom of fuel rod.
TE-1LP=001 Fuel Assembly 1, lower 3M-68 Qualified.

end box.
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TABLE 3-1. (continued)

Variable,
System, snd Fionre
Detector Location Numbe r Comment s
TEMPERATURE
(continued)
Keactor Vessel
{continued)
TE-18T-014 Downcomer Stalk 1, 3L-91 Qualified.
1.17 m from RV bottom
(inside of DTT).
TE-18T=015 Downcomer Stalk 1, IM-69 Qualified.
1 m from RV bottom
(inside of DIT).
TE-1UP-001 Fuel Assembly 1, upper IM-70 Qualified.
end box.
TE-1UP-002 Fuel Assembly 1, upper 3L-93 Qualified.
end box. 3R-7
TE~-1UP-006 Fuel Assembly 1, support 31-94 Qualified.
column.
TE-1UP-007 Fuel Assembly 1, support 3L-94 Qualified.
column,
TE-2EQ8-011 Cladding on Fuel IM=71 Qualified.
Assembly 2, Row E,
Column 8 at 0.28 m above
bottom of fuel rod.
TE-2E08-030 Cladding on Fuel 3IM~-71 Qualified.
Assembly 2, Row E,
Column 8 at 0.76 m above
bottom of fuel rod.
TE-2E08-045 Cladding on Fuel IM-71 Qualified.
Assembly 2, Row E,
Column 8 at 1.14 m above
bottom of fuel rod.
TE-2F07-015 Cladding on Fuel 3M-72 Qualified.

Assembly 2, Row F,
Column 7 at 0.38 m above
bottom of fuel rod.
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TABLE 3-1. (continued)

| Variable,
5 System, and Figure
| Detector Location Number Comment s
1 N r
| TEMPERATURE
w (continued)
i
J Reactor Vessel
| (continued)
| TE=2F07-037 Cladding on Fuel 3M-72 Qualified.
' Assembly 2, Row F,
f Column 7 at 0.94 m above
| bottom of fuel rod.
| TE-2F08-028 Cladding on Fuel IM-72  Qualified.
| Assembly 2, Row F,
“ Column 8 at 0.71 m above
bottom of fuel rod.
TE-2F08-032 Cladding on Fuel 3M-72 Qualified.
Assembly 2, Row F,
Column 8 at 0.81 m above
| bottom of fuel rod.
J
| TE-2F09-026 (ladding on Fuel 3M-73 Qualified.
J Assembly 2, Row F,
Column 9 at 0.66 m above
bottom of fuel rod.
TE-2F09-041 Cladding on Fuel 3M-73 Qualified.
Assembly 2, Row F,
u Column § at 1.04 m above
! bottom of fuel rod.
TE~-2G086~-021 Cladding on Fuel 3M-73 Qualified.
Assembly 2, Row G,
Column 8 at 0.53 m above
bottom of fuel rod.
TE-2C08-039 Cladding on Fuel 3M-73 Qualified.
Assembly 2, Row C,
Column 8 at 0.99 m above
bottom of fuel rod.
TE-2G14-011 Cladding on Fuel 3L-95 Qualified.
Assembly 2, Row G, 3R-8

Column 14 at 0.28 m
above bottom of fuel
rod.




TABLE 3~1. (continued)

Variable,
System, and Figure
Detector o Location Number Comment s
TEMPERATURE
(continued)
Reactor Vessel
contxnueq_
TE-2G14-030 Cladding on Fuel 3L-95 Qualified.
Assembly 2, Row G, 3R-8
Column 14 at 0.76 m
above bottom of fuel
rod.
TE-2G14-045 Cladding on Fuel 3L-95 Qualified,
Assembly 2, Row G, 3R-8
Column 14 at 1.14 m
above bottom of fuel
rod.
TE-2H02-028 Cladding on Fuel IM-74 Qualified.
Assembly 2, Row H, 31.-96
Column 2 at 0.7l m
above bottom of fuel rod.
TE-2H08-039 Guide tube for fuel 3M-75 Qualified.
Assembly 2, Row H, 3L-97
Column 8 at 0.99 m above
bottom of guide tube.
TE-2H13-021 Cladding on Fuel 3L-98 Qualified.
Assembly 2, Row H,
Column 13 at 0.53 m
above bottom of fuel
rod.
TE-2H13-049 Cladding on Fuel 3L-98 Qualified.
Assembly 2, Row H,
Column 13 at 1.24 m above
bottom of fuel rod.
TE-2H14~-028 Cladding on Fuel 3L-98 Qualified.

Assembly 2, Row H,
Column 14 at 0.71 m above
bottom of fuel rod.
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TABLE 3-1. (continued)

Variable,
System, and Figure

__Detector Location Numbe r Comment s

TEMPERATURE

(continued)

Reactor Vessel

(cont inued)

TE~2H14-032 Cladding on Fuel 3L-98 Qualified.
Assembly 2, Row H,
Column 14 at 0.8]1 m above
bottom of fuel rod.

TE=2H15~026 Cladding on Fuel 3L-99 Qualified.
Assembly 2, Row H,
Column 15 at 0.66 m above
bottom of fuel rod.

TE-2H15-041 Cladding on Fuel 3L-99 Qualified.
Assembly 2, Row H,
Column 15 at 1.04 m above
bottom of fuel rod.

TE-2114-021 Cladding on Fuel 3L-9% Qualified.
Assembly 2, Row I,
Column 14 at 0.53 m above
bottom of fuel rod.

TE-2114-039 Cladding on Fuel 3L-99 Qualified.
Assembly 2, Row I,
Column 14 at 0.99 m
above bottom of fuel rod.

TE-2LP-001 Fucl Assembly 2, lower IM-68 Qualified.
end box.

TE-2UP-001 Fuel Assembly 2, upper 3M-70 Qualified.
end box.

TE-2UP-002 Fuel Assembly 2, upper 3L-93 Qualified.
end box. 3R-7

TE-2UP-004 Fuel Assembly 2, support 3L-100 Qualified.

column.



Comment s

. i e st e

Qualitied.

Qualified.

Qualified.

Qualified.

Qualified.

Qualified.

Qualified.

Qualified.

TABLE 3-1. (continued)
Variable,

System, and Figure
_.Detector = _ Location _______ — Bumber
TEMPERATURE
(continued)

Reactor Vessel

{continued)

TE-2UP-005 Fuel Assembly 2, support 3L-100
column.

TE-3A11-030 Cladding on Fuel 3L-101
Assembly 3, Row A, 3R~-9
Column 1! at 0.76 m above
bottom of fuel rod.

TE-3B10-037 Cladding on Fuel IM-76
Assembly 3, Row B,
Column 10 at 0.94 m above
bottom of fuel rod.

TE-3511-028 Cladding on Fuel 3M-74
Assembly 3, Row B, IM-76
Column 11 at 0.71 m above 3L-96
bottom of fuel rod.

TE-3B11-032 Cladding on Fuel IM-76
Assembly 3, Row B,
Column 11 at 0.81 m above
bottom of fuel rod.

TE-3B12-026 Cladding on Fuel Assembly 3, 3M-76
Row B, Column 12 at 0.66 m
above bottom of fuel rod.

TE-3C11~021 Cladding on Fuel Assembly 3, 3L-101
Row C, Column 11 at 0.53 m 3R-9
above bottom of fuel rod.

TE-3C11-039 Cladding on Fuel Assembly 3, 3L-101
Row C, Column 11 at 0.99 m 3R-9
above bottom of fuel rod.

TE-3F07-015 Cladding on Fuel 3M-77

Assembly 3, Row F,
Column 7 at 0.38 m above
bottom of fuel rod.
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TABLE 3-1. (continued)

Variable,
System, and
Detector

TEMPERATURE
(continued)

Reactor Vessel

(continued)

TE-3UP-013
TE-3UP-014
TE-3UP-015
TE-3UP-016

TE-4EO8-011

TE-4E08-030

TE-4E08-045

TE-4F07-015

TE-4F07-037

Figure
Location Numbe r Comment s

Liquid level transducer 3L-104 Qualified.
above Fuel Assembly 3.
Liquid level transducer 3L-104 Qualified.
above Fuel Assembly 3.
Liquid level transducer 3L-104 Qualified.
above Fuel Assembly 3.
Liquid lsvel transducer 3L-104 Qualified.
above Fuel Assembly 3.
Cladding on Fuel 3L-105 Qualified.
Assembly 4, Row E, 3R-10
Column 8 at (.28 m
above bottom of fuel rod.
Cladding on Fuel 3L-105 Qualified.
Assembly 4, Row E, 3R-10
Column 8 at 0.76 m
above bottom of fuel rod.
Cladding on Fuel 3L-105 Qualified.
Assembly 4, Row E, 3R-10
Column 8 at 1.14 m abcve
bottom of fuel rod.
Cladding on Fue!l 3L-106 Qualified.
Assembly 4, Row F,
Column 7 at 0.38 m
above bottom of fuel rod.
Cladding on Fuel 3L-106 Qualified.

Assembly 4, Row F,
Column 7 at 0.94 m above
bottom of fuel rod.
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TABLE 3-1. (continued)

Variable,

System, and Figure

Detector Location Number Comment
TEMPERATURE
(cont inued)

Reactor Vessel

(continued)

TE-4FO8-028

TE~4F08-032

TE-4F09-026

TE-4F09-041

TE-4G02~030

TE-4G08~021

TE-4G08-039

TE-4HO1-037

Cladding on Fuel
Assembly 4, Kow F,
Column 8 at 0.71 m above
bottom of fuel rod.

Cladding on Fuel
Assembly 4, Row F,
Column 8 at 0.8]1 m above
bottom of fuel rod.

Cladding on Fuel
Assembly 4, Row F,
Column 9 at 0.66 m above
bottom of fuel rod.

Cladding on Fuel
Assembly 4, Row F,
Column 9 at 1.04 m above
bottom of fuel rod.

Cladding on Fuel Assembly 4,
Row G, Column 2 at 0.76 m

above bottom of fuel rod.

Cladding on Fuel
Assembly 4, Row G,
Column 8 at 0.53 m above
bottom of fuel rod.

Cladding on Fuel
Assembly 4, Row G,
Column 8 at 0.99 m above
bottom of fuel rod.

Cladding on Fuel
Assembly 4, Row H,
Column 1 at 0.94 m above
bottom of fuel rod.

31.-106

3L-106

3L-107

3L-107

IM-78

3L-107

3L-107

3M-78

Qualified.

Qualified.

Qualified.

Qualified.

Qualified.

Qualified.

Qualified.

Qualified.



TABLE 3-1. (continued)

Variable,
System, and
Detector Comment s

TEMPERATURE
(continued)

Keactor Vessel

Ccontinded)

TE~4H02-028 Cladding on Fuel Qualified.
Assembly 4, Row H,
Column 2 at 0.71 m above
bottom of fuel rod.

TE-4H02-032 Cladding on Fuel Qualified.
Assembly 4, Row H,
Column 2 at 0.8 m above
hottom of fuel rod.

TE-4HU3~026 Cladding on Fuel Qualified.
Assembly 4, Row H,
Column 3 at 0.66 m above
bottom of fuel rod.

TE-4H14-028 Cladding on Fuel Qualified.
Assembly 4, Row H,
Column 14 at 0.71 m above
bottom of fuel rod.

TE-4102-021 Cladding on Fuel Assembly 4, Qualified.
Row I, Colum~ 2 at 0.53 m
above bottoem of fuel rod.

TE-4102-039% Cladding on Fuel Assembly 4, Qualified.
Row I, Column 2 at 0.99 m
above bottom of fuel rod.

TE~4LP-001 Fuel Assembly 4, lower Qualified.
end box.

TE-4LP-003 Fuel Assembiv 4, lower Qualified.
end box.

TE-4UP-001 Fuel Assembly 4, upper Qualified.
end box.




TABLE 3-1. (continued)

————

Variable,
System, and Figure
Detector Location _____ Number Comment s
TEMPERATURE
(continued)
KReactor Vessel
(continued)
TE~4UP-002 Fuel Assembly 4, upper 3L-93 Qualified.
end box. 3R-7
TE-4UP-004 Fuel Assembly 4, support 3L-108 Quaiified.
column,
TE-4UP-005 Fuel Assembly 4, support 3L-108 Qualified.
column.
TE-5C06~024 Guide tube for Fuel IM-81 Qualified.
Assembly 5, Row C, 3L-109
Column 6 at 0.6]1 m above
bottom of guide tube.
TE-5C07-027 Cladding on Fuel Assembly 5, 3M-82 Qualified.
Row C, Column 7 at 0.69 m
above bottom of fuel rod.
TE-5C07-031 Cladding on Fuel Ascembly 5, 3M-82 Qualified.
Row C, Column 7 ar 0.79 m
above bottom of fuel rod.
TE=-5C07-43.8 Cladding on Fuel IM-82 Qualified.
Assembly 5, Row C,
Coluan 7 at 1.11 » above
bottom of fuel! rod.
TE-5D06-027 Cladding on Fuel JL-110 Qualified.
Assembly 5, Row D,
Column 6 at 0.69 m above
bottom of fuel rod.
TE-5D06~-031 Cladding on Fuel 3L-110 Qualified.

Assembly 5, Row D,
Column & at 0.79 m above
bottom of fuel rod.
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TABLE 3~1. {(c¢ontinued)

Veriable,
System, and Figure
Letectcr Location Numbe r Comment s
TEMPERATURE
(continued)
Reactor Veangl
{cont inued )
TE-5D06~43.8 Clsadding on Fuel 3L-110 Qualified.
Assembly 5, Row D,
Column 6 at 1.11 m above
bettom of fuel rod.
TE-5D07-027 Cladding oa Fuel IM-58 Quaiified.
Assembly 5, Row D, IM-83
Column 7 at 0.69 m above
bottom of fuel rod.
TE-5D07-031 Cladding on Fuel 3IM-83 Qualified.
Assembly 5, Row D,
Column 7 at 0.79 m above
bottom of fuel rod.
TE=5D07-43.8 Cladding on Fuel 3M-83 Qualified.
Assemoly 5, Row D,
Columa 7 at 1.1l m above
bettom of fuel rod.
TE~5F03-024 Guide tube for Fuel IM-§1 Qualified.
Assembly 5, Row F, 3L-1C9
Column 3 at 0.61 m
above bottom of guide
tube.
TE-5F04~-015 Cladding on Fuel IM-84 Qualified.
Assembly 5, Row F,
Column 4 at 0.38 m above
hottom of fuel rod.
TE-5F04-026 Cladding on Fuel IM-84 Qualitied.

Assembly 5, Row F,
Column &4 at 0.6% m above
bottom of fuel rod.
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TABLE 3-1. (continued)
Variable, ,
System, and Figure
Detector Location Numbe r Comuent s
TEMPERATUKE
(continued)
keactor Vessel
(continued)
T1E~5H05~015 Cladding on Fuel IM-87 Mualified,
Assembly 5, Row H, 3L-113
Column 5 at 0.38 m above 3Kk-13
bottom of fuel rod.
TE-SHO5-049 Cladding on Fuel IM-87 Qualified.
Assembly 5, Row H, 3L-113
Column 5 at 1.24 m above 2R-13
bottom of fuel rod. .
TE-5H06-024 Cladding on Fuel Assembly 5, 3M-38§ Qualified.
Row H, Column 6 at 0.6l m 3L-114
above bottom of fuel rod. IR-14
TE-5KH06-028 Cladding cn Fuel Assembly 5, 3M-74 Qualified.
Row H, Column 6 at 0.71 m IM-88 ’
above bottom of fuel rod. 3L-96
3‘4"1 l-“o
3R-14
TE-5H06-032 Cladding on Fuel Assewbly 35, 3IM-23 Gualified.
Row H, Column 6 at 0.8l m L1114
above bottom of fuel rod. SU-11
3R-1!
TE=-5H06~037 Cladding on Fuel Assembly 5, IM-xE Qualified.
Row H, Column 6 at 0.94 m 3L-114
above bottom of fuel rod. 3R~-1e
TE-5H07-008 Cladding on Fuel 3M~89 Qualified.
Assembly 5, Row H, 3L-115 -
Column 7 at 0.20 m above
bottom of fuel rod.
TE-5H07-026 Cladding on Fuel 3M-89 Qualified.
Assembly 5, Row H, 3L-1i5

Column 7 at 0.66 m above
bottom of fuel rod.
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TABLE 3-1. ({continued)

Variable,
System, and
__Detector
TEMPERATURE
(continued)

Reactor Vessel
(continued)

TE-5H07-041

TE~5H0?-058

1E=-5)04~-027

TE-5104-43.8

TE~5106~005

TE-5106-021

TE-5106-03Y

TE-5106~-054

__Eggption

Cladding on Fuel
Assembly 5, Row H,
Column 7 at 1.04 m above
bottom of fuel rod.

Cladding on Fuel
Assembly 5, Row H,
Column 7 at 1.47 m above
bottom of fuel rod.

Cladding on Fuel
Assembly 5, Row I,
Column 4 at 0.69 m above
bottom of fuel rod.

Cladding on Fuel
Assembly 5, Row I,
Column & at 1.11 m above
bottom of fuel rod.

Cladding on Fuel Assembly
Row 1, Column 6 at 0.13 m

above bottom of fuel rod.

Cladding on Fuel Assembly

Row I, Column 6 at 0.53 m

above bottom of fuel rod.

Cladding on Fuel Assembly

Row 1, Column 6 at 0.99 m

above bottom of fuel rod.

Cladding on Fuel Assembly
Row I, Column 6 at 1.37 m
above bottom of fuel rod.

Figure
Numbe r Comaent s
IM-89 Qualified.
3L-115
3M-89 Qualified.
3L-115
3L-116 Qualified.
3L-116 Qualified

5, 3M-90 Qualified.
5L=-117
ju-12

5, 3M-99 Qualified.
3L-117

5, 3M-90 Qualified.
3L-117

5, 3M-90 Qualified.
3L-117
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TABLE 3-1. (continued)
Variable,
System, and Figure
Detector Lozation Numbe r Comment s
TEMPERATURE
(continued)
Reactor Vessel
(continued)
TE-5J03-024 Guide tube for Fuel 3mM-81 Qualified.
Assembly 5, Row J, 3L-109
Column 3 at 0.61 m above
bottom of guide tube.
TE~5J04-005 Cladding on Fuel Assembly 5, 3L-118 Qualified.
Row J, Column 4 at 0.13 m
above bottom of fuel rod.
TE-5J64-021 Cladding on Fuel Assembly 5, 3L-118 Qualified.
Row J, Column 4 at 0.53 m
above bottom of fuel rod.
TE=5J04~039 Cladding on Fuel Assembly 5, 3L-118 Quaiified.
Row J, Column 4 at 0.99 m
above bottom of fuel rod.
TE=5JU4-054 Cladding on Fuel Assembly 5, 3L-118 Qualified.
Row J, Column 4 at 1.37 m
above bottom of fuel rod.
TE-5J08-026 Cladding on Fuel Assembly 5, 3M-91 Qualified.
Row J, Column 8 at 0.66 m 3L-119
above bottom of fuel rod.
TE-5LP-001 Fuel Assembly 5, lower end IM-68 Qualified.
box.
TE-5LP~002 Fuel Assembly 5, lower end 3L-89 Qualified.
box . 3R"6
TE-5L06-026 Cladding on Fuel 3L-120 Qualified.

Assembly 5, Row L,
Column & at 0.66 m above
bottom of fuel rod.
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TABLE 3-1. (ceontinued)

Var‘able,
System, and Figure
Detector Location Numbe r Comment s
TEMPERATURE
(continued)
Reactor Vessel
(continued)
TE~-5L07-43.8 Cladding on Fuel 3L-120 Qualified.
Assembly 5, Row L,
Column 7 at 1.11 m above
bottom of fuel rod.
TE-5L08-011 Guide tube for Fuel 3M-92 Qualified.
Assembly 5, Row L, Column 8 3L-121
at 0.28 m above bottom of 3R-15
guide tube.
TE~5L08-024 Guide tube for Fuel 3M-92 Qualified.
Assembly 5, Row L, Column & 3L-121
at 0.6l m above botteom of 3R-15
guide tube.
TE-5L08-039 Guide tube for Fuel 3M-92 Qualified.
Assembly 5, Kow L, Column 8 3L-121
at 0.9 m above bottom of 3R-15
guide tube.
TE-5L0&-045 Cuide tube for Fuel 3M-92 Qualified.
Assembly 5, Row L, Column 8 3L-121
at 1.14 m above bottom of 3k-15
guide tube.
1E-5M06-024 Guide tube for Fuel IM=-81 Qualified.
Assembly 5, Row M, 3L-109
Column 6 at 0.61 m above
bottom of guide tube.
TE-5M07-015 Cladding on Fuel 3M-93 Qualified.
Assembly 5, Row M,
Column 7 at 0.38 m above
bottom of fuel rod.
TE-5M07-026 Cladding on Fuel 3M-63 Qualified.

Assembly 5, Row M,
Column 7 at 0.66 m above
bottom of fuel rod.



TABLE 3=1. (continued)

Variable,
System, and
_Detecter

Figure

Numbe r Comment s

TEMPERATURE
(continued)

Keactor Vessel

(continued)

TE-5M07-032

TE-5M07-062

TE=-5UP-003

TE-5UP~-004

TE-5UP-010

TE-5UP-011

TE-5UP-013

TE-5UP-014

TE~-5UP-015

TE-5UP-016

TE-6C02~-030

Cladding on Fuel
Assembly 5, Row M,
Column 7 at 0.81 m above
bottom of fuel rod.

Cladding on Fuel
Assembly 5, Row M,
Column 7 at 1.57 m above
bottom of fuel rod.

Fuel Assembly 5, upper
end box.

Fuel Assembly 5,
end box.,

Fuel Assembly
end box.

Fuel Assembly
end box.

Fuel Assembly
end box.

Fuel Assembly upper
end box.

Fuel Assembly
end box.

Fuel Assembly 5,
end box.

Cladding on Fuel
Assembly 6, Row G,
Column 2 at 0.76 m above
bottom of fuel rod.

Qualified.

Qualified.

Qualified.

Qualified.

Qualified.

Qualified.

Qualified.

Qualified.

Qualified.

Qualified.

Qualitied.







TABLE 3-1. (continued)
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Variable,
System, and Figure
Detector Location ~ Number Comment s
TEMPERATURE
(continued)
Reactor Vessel
{continued)
TE-6H13-037 Cladding on Fuel 3M-96 Qualified.
Assembly 6, Row H,
Column 13 at 0.9 m
above bottom ot fuel
rod.
TE-6H14~-028 Cladding on Fuel 3IM-96 Qualified.
Assembly 6, Row H,
Column 14 at 0.71 m
above bottom of fuel
rod.
TE-6H14~032 Cladding on Fuel IM-96 Qualified.
Assembly 6, Row H,
Column 14 at 0.81 m
above bottom of fuel
rod.
TE-6H15-026 Cladding on Fuel 3M-97 Qualified.
Assembly 6, Row H,
Column 15 at 0.66 m
above bottom of fuel
rod.
TE-6H15-041 Cladding on Fuel 3M-97 Qualified.
Assembly 6, Row H,
Column 15 at 1.04 m
above bottom of fuel
rod.
TE-6102-021 Cladding on Fuel 3L-124 Qualified.
Assembly 6, Row I, 3R-17
Column 2 at 0.53 m above
bottom of fuel rod.
TE-6102-039 Cladding on Fuel 3L-124 Qualified.
Assembly 6, Row I, 3R-17

Column 2 at 0.99 m above
bottom of fuel rod.
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TABLE 3-1. (continued)

Variable,
System, and Figure
Detector Location Numbe r

TEMPERATURE
(continued)

Reactor Vessel

ifontT;;;dj K

TE-5F0B~26 Pellet at Fuel Assembly 5, 3M-85 Qualified.
Row F, Column 8 at 0.66 m 3M-99
above bottom of fuel rod. JL=111
3U-13
3R-11

TF-5F12-26 Pellet at Fuel IM-99 Qualified.
Assembly 5, Row F, 3L-127
Column 12 at 0.66 m above
bottom of fuel rod.

TE-5H10~26 Pellet at Fuel Qualified.
A-sembly 5, Row H,
Column 10 at 0.66 m above
bottom of fuel rod.

TF~5110-26 Pellet at Fuel 3M-99 Qualified.
Assembly 5, Row 1, 31.-127
Column 10 at 0.66 m above
bottom of fuel rod.

TF-5J08-26 Pellet at Fuel 3M-91 Qualified.
Assembly 5, Row J, 3L-119
Column & at 0.66 m above 3L-127

bottom of fuel rod.

TP=5C09 Plenum ot fuel rod at 3IM-100 Qualified.
Row C, Column 9 of Fuel
Assembly 5.

TP-SF09 Plenum of fuel rod at 3M-100 Qualified.
Row F, Column 9 of Fuel
Assembly 5.

TP-5H02 Plenum of fuel rod at 3M-100 Qualified.

Row H, Column 2 of Fuel
Assembly S.
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TABLE 3-1. (continued)

Variable,
System, and Figure
Detector Location Number Comment s
TEMPERATURE
(continued)
Reactor Vessel
{continued)
TP=-5104 Plenuw of fuel rod at 3M=-100 Qualified.
Row I, Column 4 of Fuel 3L-128
Assembly 5. 3R-18
TP-5114 Plenum of fuel rod at 3L-128 Qualified.
Row I, Column 14 of Fuel 3R-18
Assembly 5.
TP-5J09 Plenum of fuel rod at 3L-128 Qualified.
Row J, Column 9 of Fuel 3R-18
Assembly 5.
TP-5L07 Plenum of fuel rod at 3L-129 Qualified.
Row L, Column 7 of Fuel
Assembly 5.
TF-5L09 Plenum of fuel rod &t 3L-129 Qualified.
Row L, Column 9 of Fuel
Assembly 5.
TP-5M09 Pienum of fuel rod at 3L-129 Qualified.
Row M, Column 9 of Fuel

Assembly 5.
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TABLE 3-2,

Yariskle, Locatjon,
ard Detector

DENSTITY. AVARACE
Broken Loop (old lag
DE-BI-1A (0,)
BE-BL-1B log)} DE-BL-10S
PE-BL-1C (pg)
Intact Loop Cold Leg
DE-PC-1A 'O‘)
BE-PC~IB (og)} DE-PC-105
PE-PC-1C (op
Intact locp Wot leg
DE-PC-2A Q0,)
RE-PC-2B (og)} DE-PC-205
PE-PC-N "()

Urits

My imt

wpim!

Me/m?

COMPUTED VARIABLES FOR EXPERTMENT 12-3

Uncertainty _ Calculation Method

Except wheye the density distribution reduces to an average
Airectly, the following method 1% used to determine the
sverape density:

. A caleulated density profile is determined from an
2010 sssumed distribution which bae been “"fit" to each beam
measurement . These are optimized ai shown below,

2. The least sguares curve fits are compared to determine
the optimue assueed density profile to fir the dats.

sn.10 1. The best profile ie area averaged to give average
density by
o = 1/a S otr)da
wheie
0.0
A = crocs-mectional acea of the pipe

pir) = chordal prafile.
The assumed profiles are as follows:

1. For homogeneous flow, the average resulre divectly an

o, *p_+p)

e A" "
-
where
P Py T density along ganma densitometer beam
and 0, lines A, B, and €.
2. For tilted stratiived flow,
0y =0
= - - — ' e
sir) 3 1 ¢ exn |—£n!1 W
where
a and b = twr adjustable parsmeters
vy and oy =~ gas and liguis densities
» = paitior in manimum density gradient
direction,

Figure

-2
=10

}-3
-1

R = . .. F—
The individual beaw densities
wore filtered sath & 4-Hx
filter prior to being used in
the average calculation.

Qualified, except for
epurions spikes,

Qualified, except for
spurtous spikes.

Qualified.
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TABLE 3-2. (continued)

Variable, Location,
. .nd Devectoyr

DENSITY, AVERACE (continued)

LIGQULID TEVE)
Pressuriger

PAT-PLY9-?

VE-PC-A LEPAT-FL30-7 - +0.06
TE-P136-19

TE-F139-20

Unite Uncertainty

For anvular distmibuticn,

__Celcu'ation Metkad

n ¢ ftorrec -0
'1').9' for x> R -0
where

£ = pipe radius

vy = density of liguid shell

O *

devsity of vapor core

thicknese of liguid sheil.

G and D are two adjustahle parameters aod are ifera-
tively adjusted to fit the data.

&, Eccentric annulay is the same as anuolar, except that
the core region may be vertically displaced {rom the
pipe renter.

5. Detault

P v 034485 p, ¢ 0.400% »

celculation, If the above distributions do not
represent the data, the Acngity is calculated by a beaw
length seighted average of the chordal average denmeity
readings, o,

.
L

0.2%81 Pe

Liquid level was ~alculated from the pressurs balance for

the 4F cell:
AP = oy gh
whers

o, &l ~ o, (K = 1)

8% = the differential pressure messnred (Pa)

ox " the liqmg. density in the reference leg
(988 wp/w ')

Figure

ic-n

fommunts

Quatified te 20 =,

S - —. .

P ————

L R e
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TABLE 3-2. (continued)

Yarvable, location,

and Dotector Units Uncertaioty Calcuintion Method

.
LYGUID LEVYL (continued) g v the gravitetionsl acceleration of 9.8 wm/s”

H = the liquid height ot the reference leg (1,76 n)
(lep 19 assumea to be fuil)

g = the ligquid density in the pipe or vessel
(kg/m®)

ey * the vapor density in the pipe or veseel
1. = the ligquid leve! to be calculated (m).

Using the ligquid tomperature frim the TE measurement or
the system pressure from the PE, depending co whether the
liguid being meanured i1s subconled or saturated, resprc
tivelv, the steam tables were consulted to give the speci-
fic volume of the ligquid “hich, in turn, provided the p
value.

lsing the system pressute, afain the steam tables were con-
sulted to pet the o, value,

Ls

Boencome s and Lower Flenum The individusl conductivity probes are designed to output
. ] increasiog voltage with incressing fluid void fraction,
LE-18T~1 and -2 cm -8 The bubble plot symbols correspond to the tollosving IC-16  Qualified.
probe output voltage ranges:

Cor Symbel Voltage Range

LE-3FID om w8 (x) 0-2 WC-17  Qualified.
LE-SK)1 e -~ (o) 2-8 W-19  Qualified,
L) 8-10

Upper Flenum

LE - 3= om -~ The levels are measared from the hottom of the reactor JC-18  Qualified.
vessel,

Because the plots cover & long time prriod, short-term
phenomena tond to be obscured.

DENSTTY COMPENSATED The measured ligquid lsvel was generated using the steady
LIGUID LEVEL state assumption that fluid Jensities sre not changing in
time, Te convert the indicated level to the actual ligquid
level, a density compensa®ion must be made. The AP weas-
ured by the transducer var caleulated from the following
pressare balsnce:



TABLE 3-2, (continued)

Variable, Location,

and Detector Unats fncertainty _tCalculation Method » Figure

DENSTTY COMPENSATED AP = pg oM - g B! ~Bye £ (W - 1 ¢ )
LIOUID TEVFL {(continued)
where
Rlowdown Suppression Tank
= the Zifferential pressure measured (Pa)
LT-¥1 18- 3%
PE-SV-114 },'“ rie the liquid density 1n the referepce leg ‘krrl" e Quatadied,

LI-P13R-48 the gravitatioral acceleration of .8 mied
FE-SY-17 110-P) IR 5K 0. 0f - twalified,

the liquid height of the reference leg (4,15 m)
fleg is sssumed to be full)

steady state ligu:id density (hg/m)
steady state vapor density (h-/nl)

indicated liquid level (m)

height from lover tap to zero level point
(2.71 m),

The actual ligord level wvaa calculated by rearvanging the
above equation and substituting in the AP and liquid and
vapor densities:

L= (ar »p, gF - o sR) /o, - 0yy)

where

oy = sctual liguid density ‘bg/n}‘

o, ® actual vapor density (i.ln])

L = sctual iigquid level (w).

Actual densities were obtained from saturated steam tables
URAINE & precsure messurement in the pressurizer and steam
penerator and a ‘emperature measurement in the hlowdown
suppression tank,
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TABLE 3-2. (continued)

Variabhle, Locstion,

and Detector Units Uncertainty

FLULID SUBCOOL ERG
Vpper Plemum

TE- 508~ 1 1
TE-SUP-4
TE-5UP-9
TE-SUP- 10
TE-SUP-11
TE-S5UP-13
TE-SUP- 14
TE-SUr-1%
VE-1UP- 1A
FE-1UF-1A1 ]

SC-5UP-202 ¥ %

MASS FLOW RATE

Broken loop Cold Leg

DE-BL-00G1A

DE-BL-0018

PE-BL-001C :

e ot-oo1al Fa-8L-001 ke's  t62 tor
ME-BL-001C A
WE-BL-00ID

ME-BL-001F Fi3
ME-BL-001F

TIIRRRRREN RR R R R R R R N S R AR .~ T TS

__Uelculstion Method =~
The subconling is defined as T. 0o = T. The saturstion
teuperature was calvulated from an average pressure reading
from PE-1UP-1A and PE-1UF-TAL using the following crrve fits
of steam tahle data:

1. For P < 1.4 NPa, T, = 348.22% 4 290.13P
’ 190.5&3!’ « 29873087
- 84,196

2. For 1.6 MPa < P < 12 MPa, Ty, = 419.024 + 42.67059
- 5.63957p7
o 04300890
- 0.0130320p%

1. For P > 12 MPa, Tyae = 580.252 + B B4806P
~ 0.11457202,

The measured Lemperature (= an average of the
eight listed temperatvre measurements,

The mass flow rate wae calculated by combining the momentum
flux profile with the density profile and integrating over
the cross sectional area of the pipe, according to the
following #quation:

/2
Mass flow = lo = ov') 1A

where

o = local fluid density (kg/m’)
oV" = local momentum flux (i./l’lz)

A = cross-sectional area of pipe.

Figure

-1

Qualified, suspected hot wall
effects after 200 =,

Gualified to 400 &.

T —————————————

R c—



TABLE 3-2.

Variable,
and Detector

MASS FILOMW BATE

(cont inued)

Location,

feont toved )

Broken lLoop Kot leg

PE-~
DE
M
ME
ME
L
MF-

ME

DE
nE -
¥
FE
FF
FE

2.9 af

LA
Bl
BL
BL
Bl

-8l

B!
Kt

~UO2A
~OnN2¢

NGIA
HO2R
002«

007p
N2k
0N2F

FR-BL-002

t Loop Cold Leg

Pr
¥
PE-

r

061 A
ouIe
e
OUlA
DO1H
001

FR-PC- 10}

4 l.ut‘r Hot Leg

PLC-002A

Ve
pr
Fi

P

Pe

0nzR
002¢
MIZA
0onze

=001

rTange .

FR-PC-201)

Unitse Uncertainty

bp/n £23 for
t<2% e
1S for
t22%0

kp/e 232

bp/s 30

Ceiculation Method

The dencity profile was chtained from the chordal
averape densitiee by the wethod described for averape

densitier,

The momentom flux profile war estimated from the
momentpe flux merasurement using 8 Praadt] 2/7 poser
law pinfile which wes dic.ortes to fit the lecal flux
readings.

The hignh range drag #iecm were vsed to calculate the
momentum flox profile ©uti! S = in the cnld leg and
until 25 & in the hot lag. The low-rarge drag disce
were coed after these *1meg.

The intact loop flow rates were calculated using
densitomate, and turbine meter dgta along with
the condinuity epquation

Flow rats (kgie) = laverage density (H(Im‘l,

* [t1eid velocity (m/s)])

* iflow area (@?)] » (1000 (kg/Mg) ).

The asverage dencity wae a siwple average of the
three chordal densities. The fluid velocity was
a simple average of the three turbines.

The uncertainty in each conductivity probe for (a) LE-187-1 e 4.5% of vange, (L) LE-18T-2 is 7.1% of ranpe;
ALl conductivity probes have a response time of 340 ms.

Figure

-5
-13

3C-6
M4

-7
W-1s

lC-—fﬂf.

Qualified to 400 s,

Qualified, flow divection

indicated.

Qualified, flow direction
not indicated.

and () LE-FI0, LE-3UP-1, and TE-SKI1 ir



EXPERIMENT L2-5

~ BT DS /SRS S S S S SN S S (o
3 _ CV-P138-00!
8- | Uncert =i 460 (percent open) 3
i Range =0. to 100. (percent open)
P 3 — - — Sua A
€ 100t -t P I = S —+ 100
e 4
- ~ v - - - e O S 1
: A4+
~ k) - - 4 / .f ] 4, 4+ — .1} . I
z 50l 1 . et 50
9 o l - ~4- —fr ——t— - ——
- -— -4 — - 4+
g - ‘» v v 71 = }-
v 74 ' - —
S S S 4 SO 1 1o
Wi b - K 4 4 - ——
> - v v v 4 4+
4 ]
r R R R 4
> - t n— } - 4- ﬁ,,r‘, ,T,. ‘ -
~80 - ., i ! . | L <80
0.02 0.00 0.02 0.04 0. 0.08 0.10

0€
TIME AFTER RUPTURE (s)
Figure 33-1. Valve position for quick—opening blowdown valve in broken
leop cold lag (CV-F128-001) (quolified, except for
spurious spikes).

e —pr e 15
o~ W1 SN S S S S S S T S S
® IR0 R CV-F138-015 4
8- ] _ Uncert =+ 4.60 (pe-cent open) |
[ _ I | | Il Range =0. tc 100. (parcent open) ]
.C; 100 -+ ? ' 7 l, pe— {’ I -+ 100
Q »1 N‘*"‘-"' —+ ~‘~ f- =
& + 1 — * p
@ B
& . 1
z so+ 1] 1 5
S 1 - -
- 1 . , S S
e, 3 -4 — ¢
v
o . ? > '
Q. o* - 1 + 0
;J f } . 4 ——— -
" f i ] - I
g t . } + + —t
- n— -4 S = . o
I s e e e =

-0.02 0.00 0.02 0.04 0.06 n.08 c.10
TIME AFTER RUPTURE (s)
Figure 35-2. Valve position for guick-opening blowdown valve in broken
loop hot lag (CV-P138-015) (qualified, excapt for
spurious spikes).
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VALVE POSITION (percent open)

VALVE POSITION (percent open)









PRESSURE (MPa)

PRESSURE (MPa)

EXPERIMENT L2-5

18 o 5 I A S S A
PE-BL- 004
Uncert =% .14 (MPg) -
] Range =.10 to 21.0 (MPa) || 3000
‘3 l -
~ \ - 1800
" —t— p——— 1600
SR BN N NS -
‘\\““=~ - 1400
® P
el - ¢
: L -
7 l.__._.Js_-_- ,JL- ’WF
~0.1 0.0 0.4 0.5

0.1 0.2 0.3
TIME AFTER KUPTURE (s)
Figure 35-7. Pressure in broken loop cold 'eg upstream of break plcne

(PE-BL-004).

EXPERIMENT L2-5

ol i S (N S i i s s
‘ PE-BL 006 1
| Uicert == .14 (M7q) 2000
WS e A - Rangs =.10 tc 21.0 (MPa) E
5 Y -
13 - T
+ o i e - 1800
1. o 1600
n —t— 1
" el
E B j - o - 1400
- { R e
o il T —
. 1T 1 T T Hr200
TSNS S ——r—--—-w--‘— —t r = —J»——— 4
7 § S S SE—
0.1 0.0 0.4 0.5

0.1 0.2 0.3
TIME AFTER RUPTURE (s)

Figure 35-8. Pressure in broken loop hot leg ct steam generator

simulatar outlet (PE-BlL-006).

PRESSURE (psia)

PRESSURE (psia)
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EXPERIMENT L2-S

T T B I | T T 1 I ]
PE-BL-008 -
Uncert =1 .14 (MPa)
L o s  E Range =.10 to 210 (MPa) 1 2000
. - _‘.4,..____*{;_ -
S 2} ] %)
1 —
& b a
p— - — st
W wl 1 - 1 ~1500 |,
- o<
% i —-{P—- - —-JL— B can e a
& \ g
' T 10 &
a
| e e I} 1000
6
b — “"‘:—\k’:f —— -
M L e I R TR
- 0.3 0.0 0.4 0.5

0.1 0.2 0.3
TIME AFTER RUPTURE (s)
Figure 3S-3. Pressurs ir. broken loop ce!d leg downstream of breck plane

(PE~BL-008).

EXPERIMENT L2-5
5 - oy
e e (i T | T T 1 1T 1T 1
SRt 58 S a5 .],M PE-FC- 00! -
Uncert =% .12 (MPa)

_‘L‘:'W*' X ___<i,_<l___.__i Runge =.10 to 2i.0 (MPa) - 2000
R )
\

-

PRESSURE (MPa)
‘ T
|
PRESSURE (psia)

%
8

e e———

g

¥ +-1400

9 L
-0 0.0 0. 0.2 0.3 0.4 0.5
TIME AFTER RUPTURE (s)

Figure 35-10. Pressure in intact loop cold lag (PE-PC-0O1).
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Figure 35-1. Pressure in intact loop het leg (PE-PC~002).
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POWER (MW)

EXPERIMENT L2-5

S S A 0 0 I O
( RE-T-77-1A2
~4 O RE-T-77-2A2 —
0 RE-T-77-3A2
Uncert =4 2.00 (MW)
| Range - '0 to 62.5 (MW) é»-{;}(}
b—4— 4»—l~*~ - T Ll—{»—«;——
—— -JL-—v—l —p— : -—iL—- +— ——{r—l' 20
= e 1 oF i
10 ’—““V— \ 10
— e —_ ,t-—-l——q
P N . LJ - ﬁ* E'HEHQ
-5 0 0.5 1 13 2

TIME AFTER RUPTURE (s)
Figure 35-13. Recctor power, Channels A, B and C (RE-T-77-1A2, -2A2,
and —3AZ).

67

POWER (MW)



VALVF POSITION (percent open)

FLUID DENSITY (Mg/m>)

EXPERIMENT L2-5

01T T T LI T [T T T 1 ]
} +——t—1"—1 CV-PC04-010 m
Uncert =i 3.50 (percent cpen) L.
Range =0. to 100. (percent open)
. lr— o =
»~~L-7-74L»-‘———<»-—»—4>—-7—1k— IL
S T S S
: J[_ _—
T T T
|
T SRS (B el i fea
- }- — — -<L—— 4
0+ v R S —
b — 4‘ —~ —{ ———e e =
T, T - i FIeT Salis o N T N e
-9 0 25 30

e~y

-

G s SR RN Ml

S 10 15 20
TIME AFTEP RUPTURE (s)
Figure 3¥-1 Valve position for secondar

sontre! volve (CV-POC4-010

EXPERIMENT L2-5

I

8 1

—_

‘BL-001A

——4-4 DE-
J Uncert =+ .0B0 (Mg/m’) R
~—1~1 Range =0. to 1.00 (Mg/m")

v -

" T—

o
1
0+ — - - "
-0.2 L,-Al o S S (T
-5 0 5
TIME

Figure 3M-2. Fluid density
(DE~BL-00'A).
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Figure 33, Fluid density in broken loop ceold leg, chordal dersity
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Figure 3M-16. Fluid velocity in intact loop hot leg al bottom of pipe
(FE-PC~002A) (qualifiad, flow diraction not

indicated).

FLUID VELOCITY (ft/s)

FLUID VELOCITY (ft/s)



.
v
g
E
S
10
>
=
©
o
w
>
e 5
-
-
(.
0

|
}‘
!
!
L
|
E
r

———

0

5 10 15 20
TIME AFTER RUPTURE (s)

EXPERIMENT L2-5

T T 1T 1T T T T ;
FE-PC-0028 -
Uncert =1z .79 (m/s)

Konge =.40 to 106 (m/s) I

FLUID VELOCITY (ft/s)

Figure 3M-17. Fluid velocity in intact loop hot leg ot middle of pipe
(FE-PC-002B) (qualified, flow direction not indicated).

12

-
<

FLUID VELOCITY (m/s)

0

r_.
1

-

4 -

' .
_*}- ﬂ .
- :

‘
'

5

EXPERIMENT L2-5

T ol S I N S e B

—{ FE-PC-002¢C "

W Uncert =+ .80 (m/s) ]’

171 | Range =.40 to 10.6 (m/s) [
o N | f__, , i 30
1 -t 20
$— {x_ 10

t
\,

16 15

TIME AFTER RUPTURE
Figure 3M-18. Fluid velocity
(FE-PC-002C) (qualified, flow direction not indicated).

20 25
(s)

in intact loop hot leg at top of pipe

77

FLUID VELOCITY (ft/s)



BT
L i 1 !
o~ t—1 !
{ r 0’ + +
E [ +——— |
Nt | 3
0 ¢ + 4 4 1
> | | |
- * | 4 ‘
Q + 4
o |
=l ' + $ ¢ 4
L | | |
> f + * f .
o 5 } ' { ‘
:-) “ + A + +
(. ‘ 4 I '
b- ./*-"‘ WY
I { 1 J
o ] ‘h #
5 0

EXPERIMENT L2-5

-

I
;
=
:
|

w,

!
|

r—-.

e
.
1t
4 + 1 } 4 *1*,‘
— 1 it
1]
" ? T »4‘(.“
s A A1
1 l” TQTH‘
q\‘;\, v\f"k\"r ’\]\’ *Ljf
25

S (N B —
FE-1ST-001
Uncert =z 53 (m/s)
Range =.40 to 106 (m/s)

TiME AFTER RUPTURE (s)

Figure 3M-19. Fluid velocity in reactor vessel

(FE-1ST-001) (qualified,
EXPERIMENT L2-5

o [ [ ]
 To—— 4 }
~ T
N o o 4
| | i |
E 6 -~ 4 # 4
ot - ' \Q +
>~ [ | W]
- . *
iy 3 + +H Lo
Q (1 {4}
(@) 4 - H 'tﬁ”
-~ | | ]
W ’ + t“O .
i + 4 oUW
O ! !
o l"ﬂﬂml +
2 21 ' "
—‘ ! ‘ + : 4
L" -+ . + + +
| |
+ ' t
B -4 ‘ +
0 | | ! i
5 0 S

1
]
-
|
|

10
TIME AFTER RUPTURE (s)

Figure 3M-20. Fluid velocity ot lower end box of Fuel Assembly 5
(FE-SLP-001) (qualit ed, flow direction not

indicated)

= _'.-;::—;:_

o

(-

Downcomer Stalk 1

flow direction not indicated).

20

1

T T T T T T ],
FE-SLP-001

Uncert =+ .44 (m/s) -
Range =.40 to 106 'm/s)

{ : { N

-

T s S e (NI S S

: ,
- ? e s e SR SE WIS W C— |

o‘LE-’A —— - + ——
é}l
B
o«
= '
’r“‘l",“’—‘
E i

l

|
e s s "SESEEE SE SRS GUUNY W G S—

14 J

15

L

__.,A
a8

0
30

FLUID VELOCITY (ft/s)

FLUID VELOCITY (ft/s)




EXPERIMENT L2-5

[ S S — S

4| FE-5UP-001 -

. .ﬂ‘ Uncert =% 68 (m/s) &
T Range =.40 to 106 (m/s)

' ' ; —p -4( 15

i

L

1]

FLUID VELOCITY {m/s)
BERR
S

FLUID VELOCITY (ft/s)

v'— —
#,_ R T
0

25 30

-5 0

- 10 15 20
TIME AFTER RUPTURE (s)
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Figure 3M-67. Cladding temperature at Fuel Assembly 1, Rows A and C,
Column 11 at 0.76, 0.53, and 0.99 m cbove botiom of fuel
rod (TE-1AN-030, -1CN-021, and -038).
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Figure 3M-68. Coolant temperature at lower end box of Fuel Assemblies
1, 2, and 5 (TE-WP-001, -2LP-001, ond -5LP-001).
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Figure 3M-69. Coolant temperature in reactor vessel Downcomer Stalk 1
at 4.8, 2.98, 0.44, and .C m above reactor vassel
bottom (TE-1ST-001, -004, -011, and -018).
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Figure 3M=70. Coclent tempercture at upper end box of Fuel Asscrrbiies
1, 2, 3, and 4 (TE-WP-001, -2UP-001, -3UP-001, and

—4UP—001).
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Figure 3M-71. Cladding temperature at Fuel Assembly 2, Row E, Column 8
at 0.28, 0.76, and .14 m above bottom of fuel rod
(TE-2E08-11, ~030, and -045).
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Figure 3M-72, Cladding temperature at Fuel Assembly 2, Row F, Columns 7
and 8 at 0.38, 0.94, 0.71, and 0.8' m above bottom of
fue! rod (TE=2F07-015, -037, -2F08-028, ond —-032).
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Figure 3M-73. Cladding tempercture at Fuel Assembly 2, Rows F and G,
Columns B and 9 ot 0.66, .04, 0.53, and 0.9 m cbove
bottom of fuel rod (TE-2F09-026, —-041, -2G08-021, ond
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Figure 3w-75. Guide tube femperature at Fuel Assembly 2, Row H, Column

8 at 0.99 m above bottom of guide tube (TE~2HO8-039).
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Figure 3¥-76, Clodding temperature at Fuel Assembly 3, Row B at 0.94,
0.71, 0.81, and 0.66 m above bottom of fue! rod
(Te-3B810-037, -3811-028, -032, and ~3812-026).
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Figure 3M-79. Cladding temperature at Fuel Assembly 4, Rows H and |,
Columns 2 and 3 at 0.66, 0.53, and 0.99 m above bottom
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Figure 3M-83. Cladding temperature at Fuel Assembly S, Row D, Column 7
at 0.69, 0.73, and 11" m above bottom of fuel rod
(TE-SD07-027, -031, and —43.8).
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Figurs 3M-84, Claoddirg temperature at Fue! Assembly S5, Row F, Column 4
at 0.38, 0.66, 0.81, and .57 m above bottom of fuel rod
(TE-5F04-015, -026, ~032, and ~062).
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Figure 3M-85. Cladding and pellet off-center temperature at Fuel
Assemily 5, Row F, Column 8 at 0.66 m above bottom of
fue! rod (TE-S5F08-026 and TF-5F08-26).
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Figure 3M-86. Cladd'ng temperature af Fuel Assembly S, Row G, Column 6
ot 0.28, 0.76, 1.14, and 1.57 m above bottom of fuel rod
(TE-5G06-01, -030, -045, and -062).
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Figure 3M-87. Cladding ‘temperature at Fuel Assembly 5, Row H, Column 5
at 0,05, 0.38, and .24 m above bottom of fuel rod
(TE-SHO5-002, ~015, and -049).
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Figure 3M-88. Cladding temperature at Fuel Assembly S, Row H, Column 6
at 0.61, 0.71, 0.81, and 0.94 m above bottom of fuel rod
(TE-S5HO6-024, -028, -032, and ~037).
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Figure 3M-90, Cladding temperature at Fuel Assembly S5, Row |, Column 6
at 0.13, 0.53, 0.99, and 1.37 m above bottom of fuel rod

(TE-5106-005, -021, =039, and -054).
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Figure 3M-91. Claodding and pellet off-center temperature at Fuel

Assembly 5, Row J, Column 8 at 0.66 m above bottom of

fue! rod (TF-5J08-026 ond TF-5J08-26).

L R W S WO T e S

700 + - epeviniaint v iy _I_
o g A
— I 1o
W 880 11" —45—2
% 5 | | ﬁLﬁer_ -
e |
& 600 Wop 2w amas e
O -
.
L 5§50 F

|
LU b
2
2 500
LAJ -
o
5 450
o

~$ 0 5

10 15 20
TIME AFTER RUPTURE (s)

TE-5L08-0O1

TE-5L08-024
TE-5L08-039
TE-5L08-045

Uncert =% 7.60 (K)
Rongo ‘420 to 1530. (K)

25

- 800

- 700

800

500

400

1+ 300

TEMPERATURE (°F)

GUIDE TUBE TEMPERATURE (°F)
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Figure 3L-16. Fluid velocity
pipe (FE’—PC-OOM) (qualified, flow direction not
indicated).

126

- 100

in intact loop cold leg on west side of

DISPLACEMENT (ft)

FLUID VELOCITY (ft/s)



EXPERIMENT L2-5

el TTTT1 1?1;1?1 B O O
Al pb bt gl Fe-pc-oom 180
ot ] B *j Uncert =+ .88 (m/s) -
|

__|| Range =.40 to 10.6 (m/s)

R

b —4+ - r——J" 100

Jr
-
{

r

FLUID VELOCITY (m/s)

.
-
t+

r._‘._
p
o
=1 1
o

Ll

20 0 20 40 60 8C 100 120

TIME AFTER RUPTURE (s)

Figure 3L-17. Fluid velocity in intact loop cold leg ot center cf pipe
(FE-PC-0018) (quclified, flow direction not indicated).
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Figure 3L-18. Fluid velocity in intact loop cold leg on east side of
pipe (FE-PC-001C) (qualified, flow direction not
indicated).
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Figure 3L-19. Fluid velocity in iniact loop hot leg at bottom of pipe
(FE~PC-002A) (qualified, fiow direction no! indicated).
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indicated).
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Figure 3L-21. Fluid velocity in intaci loop hot leg at top of pipe
(FE-PC-002C) (qualified, flow direction not indicated).
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Figure 3L-26. Flow rate in HPIS Pump A discharge (FT-P128~104).
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3L-33. Momentum flux in broker locop ho! leg at bottom of pipe,
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3L-34. Momentum flux in broken loop hot leg at center cof pipe,
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3L~35. Momentum flux in brokern loop hot leg at top of pipe, high

range (ME-BL-002C).
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Figure 3L-36. Momentum flux in broken loop hot leg at bott

{

low range (MF-BL-002D) (qualifiad after 20 s)
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Figure 3L-93. Coclaont temperature at upper end box of Fuel Assemblies
1, 2, and 4 (TE-WP-002, -2UP-002, and -4UP-002).
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Figure 3L-94, Metal temperature at upper core support column of Fusl
Assambly 1 (TE-WP-006 ond -007).
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Figure 3L-95. Cladding temperature at Fuel Assembly 2, Row G, Column 14
at 0.28, 0.76, and 1.14 m above bottom of Tuel rod
(TE-2G14-01, -030, and -045).
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Figure 3L-96. Cladding temperature at Fue! Assembhlies 2, 3, 4, and 5 at
0.71 m above bottom of fuel rod (TE-2H02-028, -3B11-028,
~4H14-028, and —SHOE-028).
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Figure 3L-97. Guide tube temperature at Fuel Assembly 2, Row H, Column

800

8 at 0.99 m above bottom of guide tube (TE-2H08-039).
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Figure 3L-98. Cladding tempercture ct Fue! Assembl!y 2, Row H, Columns
13 ond 14 ot 0.53, 1.24, 0.71, ond 0.81 m cbove bottom
of fuel rod (TE-2H13-021, -049, -2H14-028, and -032).
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Figure 3L-99. Clodding temperature at Fue! Assembly 2, Rows H and |,
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bottom of ftuel rod (TE-2H'5-026, ~C41, -214-021, and

(4,) F¥NLVYIANIL VLW

(=] (=] o o
o o o o
o el - o)
1 - ] PP -y — o edian -
r T 1 e Paiest
S JNSSS S TR, SO T
f | '
rlv i it _
_ ! i
1 g [ ——
= x| —t
I e
| 81 1 —
% Sy DY IR GO PSR S
- L b S N N S S—
| ! - O - ol | |
Feg uer— T T T —1
_.L o0 ﬂ. ML ! = s et ¥
l la ﬂ_. I L |
s e PR r—
JUUH o | ¥ { | 1
120_‘ m mr]r? — — ‘Hl‘ﬁflr“l 4
[ SRR I " W) ROUST
== SE—1 T 1
— ——— : e e e
.rL_A‘..Q —_—t -t
I - - - +
_.lyl + — e — e e
_..|1Tl!vI+.l||.! . DUV S—
IS S S | B
e O WP SR S——
L T e — R T i
w.v - , S SYWENSY Se—
T S
D —— —+
— — 0|‘lp.lt|;|§,_.|. ———pp—— ey
T — el W] RPN NN [ST—
B - SR, S S SR
& b ¥ ! 1 L A -
- Y -
Q Q f=3 o o
Q 2l Q '3 Q
© w 72 -« -

(%) 3¥NLVHIAIL VLN

20

60 80 100 1

40
TIME AFTER RUPTURE (s)

3L-100. Metal temperature at upper core support column

20

0

of Fuel

Figure

-

Assemb !y 2 (TE-2UP-004 and -005).

168



EXPERIMENT L2-5

-~ T T A L EL T
i TE-3A11-030 .
X o TE-3C11-021 s -
o (0 TE-3C11-039 -
Lo | 11 Uncert =+ 6.50 (X) L
= 700 T Range =420. to 1530. (K) FT800 &
— TTTITr T —
< |
- HEassusnananns .
L { Ll
5 L s

600 i -1 ™ T
e . T rl ‘ 600 W
%) T ke A - %)
Z ] g E <
o | | o
3 500 1 2
o t [ ||| - 400 3

| e o ol -4 et o —1 ++ "
| [ JRAR AP SARRRERS!
400 - = - l I . o N
~20 0 40 60 100 120

“TIME AFTER RUPTURE (s)
Figure 3L-101. Cladding temperature at Fuel Assembly 3, Rows A and C,
Column 11 at 0.76, 0.53, and 0.99 m above bottom of fuel
rod (TE-3AN-030, -3CN-021, and -0389).
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Figure 3L-102. Coolant temperature at 'ower end box of Fuel Assembly 3
(TE-3LP-001 and -002).
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Figure 3L-105. Cladding temperature at Fuel Assembly 4, Row E, Column 8
at 0.28, 0.76, and .14 m above bottom of fuel rod
(TE-4E08B-01, —030, and —-045).
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Figure 3L-106. Cladding tempercture ot Fuel Assembly 4, Row F, Columns
7 and § at 0.38, 0.94, 0.71, and 0.81 m aobove bdottom of
fuel rod (TE-4F07-015, -037, -4F08-078, and -032).
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Figure 3L-107. Cladding temperature at Fuel Assembly 4, Rows F and G
Columns 9 and 8 at 0.65, 1.04, 0.53, and 0.899 m cbove
bottom of fuel rod (TE-4F09-026, -041, -4G08-021, and
-039).
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Figure 3L-108. Metal 'cmporafuro at upper core support column of Fuel
Assembly 4 (TF-4UF-004 and -005).
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Figure 3L-109. Guide tube temperature at fuel Assembly 5, Rows C, F, J,
and M, Columns 3 and & at 0.61 m above bottom of guide
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Figure 3L-10. Cicdding temperature at Fuel Assembly S, Row D, Column 6

at 063, 0.79, and 1.1 m above bottom of fuel rad
(TE-SD06~027, —031, and ~43.8).
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Figure 3L-M, Cladding and peliet off-center temperature at Fuel

Assembly 5, Row F, Column B at 0.66 m above bottom of
fue! rod (TE-5F08-026 rnd TF-5F08-26).
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Figure 3L-12, Clodding temperature at Fuel Assembly 5, Row G, Column 6
at 0.28, 0.76, 1.4, and 1.57 m above bottom of fuel rod
(TE-5G06-01, -030, -045, ond -062).
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Figure 3L-13. Cladding temperature at Fuel Assembly 5, Row H, Column 5
at 0.05, 0.38, and .24 m above bottom of fuel rod
(TE-S5H05-002, —015, and -049).
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Figure 3L-14, Cladding tempercture at Ffuel! Assembly 5, Row H, Column 6
at 0.61, 0.71, 0.81, and 0.94 m above bottom of fuel rod
(TE-5H05-024, -028, -032, and -037).
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Figure 3L-15. Clodding temperature at Fuel Assembly S5, Row H, Column
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Figure 3L-16. Cladding temnerature ot Fue! Assembly 5, Row I, Column 4

at 063 and 111 m above bottom of fuel rod (TF-5104-027

ond -43.8).
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Figure 3L-19. Cladding and pellet off-center temperature at Fue!
Assembly 5, Row J, Column 8 at 0.66 m above bottom of
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SYSTEM CONFIGURATION

The Loss-of-Fluid Test (LOFT) facility has been
designed to simula‘e the inajor components and
system responses of a commercial pressurized
water reactor (PW2) during a loss-of-coolant
accideni (LOCA). The experimental assembly
includes five major subsysterns which have been
mstrumented such that system variables can be
measured and recorded during experiments
simulating PWR accident conditions. The sub-
systems include: (a) the reactor vessel, (b) the
intact loop, (¢) the broken loop, (d) the blowdown
suppression system, and (e) the emergency core
cooling system (ECCS). The LOFT major com-
ponents are shown in Figure A-1.

The LOFT reactor vessel has an annular
downcomer, a lower plenum, lower core support
plates, * nuclear core, and an upper plenum. The
downcomer is connected to the cold legs of the
intact and broken loops and contains two instru-
ment stalks. The upper plenum is connected to the
hot legs of the intact and broken loops. The core
contains 1300 nuclear fuel rods arranged in five
square (15 x 15 assemblies) and four triangular
(corner) fuel modules and is described in
Reference A-1. The center assembly i highly
mstrumented, and its fuel rods were preprossur-
ized 10 2.4 MPa. The fuel rods in the peripheral
fuel assemblies are unpressurized. Two of the cor-
ner and one of the square assemblies are not
instrumented. The fuel rods have an active length
of 1.67 m and an outside diameter of 10.72 mm.

The fuel consists of UO; siniered pellets with an
average enrichment of 4.0 wt% fissile uranium
(235U) and with a density that is 93% of
theoretical density, The fuel pellet diameter and
length are 9.29 and 15.24 mm, respectives. Both
ends of the pellets are dished with the total dish
volume equal to 2% of the pellet volume. The
cladding material is zircaloy-4. The cladding
inside and outside diameters are 948 and
10.72 mm, respectively,

The intact loop simulates three loops of a com-
mercial four-loop PWR and contains a steam
geneiator, two primary coolant pumps in parallel,
a pressurizer, a venturi flowmeter, and connecting

piping.

The broken loop consists of a hot leg and a cold
leg that are connected to the reactor vessel and the
blowdown suppression tank (BST) header. Each
leg consists of a break plane orifice, a quick-
opening blowdown valve (QOBYV), a recirculation
line, an isolation valve, and connecting piping.
The recirculation lines establish a small flow from
the broken loop to the intact loop and are used to
warm wp the broken loop. The broken loop hot leg
also contains a simulated steam generator and a
simulated pump. These simulators have hydraulic
orifice plate assemblies which have similar
(passive) resistances to flow as an active steam
generator and a pump,

The blowdown suppression system is comprised
of the BST header, the BST, the nitrogen
pressurization system, and the BST spray system.
The BST header is connected to downcomers
which extend inside the BST below the water level.
The header 1s also directly connected to the BST
vapor space to allow pressure equilibration. The
nitrogen pressurization system is supplied by the
LOFT inert gas system “nd uses a remote con-
trolled pressure regulator to establish and main-
tain the specified BST initial pressure. The spray
system consists of a centrifugal pump that
discharges through a heatup heat exchanger and
any of three spray headers or a pump recirculation
line that contains a cooldown heat exchanger. The
spray pump suction can be aligned to either the
BST or the borated water storage tank (BWST).
The three spray headers have flow rate capacities
of 1.3, 3.8, and 13.9 L/s, respectively, and are
located in the BST along the upper centerline, The
BST spray pump suction was connected to the
BWST and the liquid was sprayed into the BST so
that the BST pressure simulaied the containment
back pressure expected during a LOCA.

The LOFT ECCS simulates the ECCS of a com-
raercial PWR. It consists of two accumulators, a
agh-pressure injection system (HPIS), and a low-
pressure injection system (LPIS). Each system is
arranged to inject scaled flow rates of emergency
core coolant (ECC) directly into the primary
coolant system. All ECC flow was directed to the
intact loop cold leg during Experiment 1L.2-5. The
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HPIS injection was delayed until 23.90 + 0.02 s, drew suction from the BWST. During the

and the LPIS injecion was delayed until recovery, ECC was injected into the reactor vessel
37.32 & 0.02 5. Both of these injection systems lower plenum.
Reference

A-l. M. L. Russell, LOFT Fuel Modules Design, Characterization, and Fabrication Program, TREE-
NUREG-1131, June 1977.
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MEASUREMENTS AND INSTRUMENTATION
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detector (D) located so that it measures
background radiation continuously. The
attenuation of the gamma rays varies
inversely with the density of the fluid in the
pipe. The DE-PC-3 densitometer is located
in vertical piping; the rest of the den-
sitometers are located in horizontal piping.
Figure B-1 shows the gamma densitometer
configuration relative to the piping.

Liquid levels are obtained by means of
(a) differential pressure transducers in the
pressurizer, accumulator, steam generator
secondary side, pump suction piping, reac-
tor vessel upper plenum, and blowdown
suppression tank (BST); and (b) hquid
detectors which sense the conductivity of
the fluid near each of a series of electrical
contacts in the reactor vessel.

Control rod position is indicated by means
of proximity switches. The circuitry
associated with the proximity switches con-
trols a set of lamps. Each set of lamps con-
sists of a “‘rod bottom™ lamp and four
“rod location” lamps. The rod boitom
lamp lights only when the control rod is
bottomed. Each rod location lamp lights as
the leadscrew on the control rod passes its
switch position during withdrawal, and it
remains lit whenever the leadscrew i1s above
this position.

Valve positions (analog indication from 0
to 100% of opening) are measured by
either resistance potentiometers or dif-
ferential transformers.

Mechanical pump speed is measured by an
eddy current displacement transducer that
uses a slotted metallic target attached to the
top of the pump motor shaft, The target
contains six asvmmetrical slots so that
pump speed can be determined. Electrical
pump power is measured by a watl
transducer.

. The steady-state locai linear heat genera-

tion rate is measured by self-powered
neutron detectors and is also determined
irom neutron flux measurements taken
with traversing in-core probes. The two
types of instruments are described below.
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a. Each self-powered neutron detector
consists of a cylindrical S9¢Co emitter, a
layer of aluminum oxide for electrical
insulation, and an outer sheath of
Inconel. The cable conaected to the
detector consists of two Inconel wires
in an Inconel sheath with magnesium
oxide insulation. One of the wires is
connected to the cobalt emitter and the
other 1s open ended. The open-ended
wire gives 2 background subtraction
signal to compensate for the radiation
sensitivity of the cable,

b. A traversing in-core probe measures
neutron flux at four guide tube loca-
tions in the core. This instrument con-
sists of a 235U fie .on chamber
attached to a flexible cable and its own
data recording system. The probe was
withdrawn and stored outside the core
prior to experiment initiation,

12. Reactor power is measured by uncompen-
sated ionization chambers located in the
shicid tank.

The data acquisition and visual display system is
used to record measured data from the various
instrumentation systems on a combination of
digital recorders, wide-band frequency modula-
tion (FM) tape recorders, and oscillographic
recorders.B-1 Redundant records are made where
use dictates more than one recording mode or
where an extra measure of assurance is desired for
critical measuremen's.

A digital computer is used to collect the experi-
ment data in a multiplexed format at the LOFT
facility and to perform equipment calibrations,
posttest data reduction, and plomng.B'2 The
recorded FM data are converted into digital form,
and then demultiplexed to be compatible with the
CDC CYBER 176 computer system.

The CDC CYBER 176 computer system is used
to further reduce the data. Calibration factors are
first applied to produce data plots in engineering
units so that engineering specialists can examine
each channel for discrepancies or unexpected



events. Where possible, instrument channel out-
puts and computed variables are compared with
previous experiments, corresponding parameter
channels, and calculated quantities. Instruments
are labeled as 'Qualified"” if the measurement
comparisons are determined to be within the
accuracy of the particular instrument.

Most transducers were calibrated under
laboratory conditions prior to installation in the
LOFT system. Verification of calibration con-
stants is accomplished by special tests performed
during heatup and by analysis of initial conditions
data. In addition, postexperiment checks are per-
formed to pinpoint questionable data and to
verify data consistency. Appendix C discusses the
techniques used to perform data consistency
checks.

Figure B-2 shows a piping schematic indicating
instrument locations. Table B-1 gives the
nomenclature for LOFT experimental and process
instrumentation. Both types of instrumentation
are included in this report. Thermocouples and
neutron flux detectors located in the nuclear core
have special identification. Most of these
transducers have been given identification
numbers which identify the type of transducer and
the location within the core as follows:
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Transducer location (inches from bottom of fuel
rod)
Fuel assembly row
Fuel assembly column
Fuel assembly number
Trensducer type ®
TE-3B11-28

The fuel plenum temperature and pressure
measurement identification numbers do not
include the height above the bottom of the fuel
rod.

Figures B-3 and B-4 show isometric views of the
major system components with instrument loca-
tions indicated. Figures B-S through B-16 give
more specific locations for instruments located on
individual components. Reference B-3 may be
consulted if additional details of instrument
design and locations are desired.

Table B-2 lists instruments that were available
for use in LOFT Experiment L2-5. Included are
the instrument location, range, recording fre-
quency, initial condition uncertainty, and uncer-
tainty at specific readings. The ‘‘Comments"
column contains information relative to the
usability of the data. No entry under the **Com-
ments'’ column means that the instrument was
recorded, but the data were not reviewed or
presented.
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TABLE E-1. NOMENCLATURE FOR LOFT INSTRUMENTATION

Designations for the Different Types of Experimental Instruments

AE
DE

DIE

FE

LE

ME

NE

POP

PdE

PE

KPE
TC,TE,TF,TM,
TP

UDE

Accelerometer

Gamma densitometer
Displacement element
Coolant flow element
Coolant level element
Momentum flux detector
Neutron detector
Primary coolant pump
Differential pressure element
Pressure element

Pump speed element
Temperature element

Ultrasonic densitometer

Designations for the Different Experimental Systems, Except the Core

BL
LP
PC
PC-S
RV
56
SCGS
18T
28T
SV
urp

Broken loop

Lower plenum

Primary coolant intact loop
Spool piece in pressure relief line
Reactor vessel

Steam generator

Steam generator secondary
Downcomer Stalk 1

Downcomer Stalk 2
Sujppression tank

Upper plenum

Designations for the Different Types of Process Instruments

v
FE
FT
LD
L11
LT
PdT
PT
RE
TE
T

Control valve

Flow element

Flow transmitter

Density-compensated liquid level element
Level-indicating transmitter (not density compensated)
Liquid level transmitter (not density compensated)
Difterential pressure transmitter

Absolute pressure transmitter

Radiation element

Temperature element

Temperature transmitter

Designations tfor the Different Systems Associrated with Process Instruments

POO4
P120
P128

P138
P139Y
P4l
T~171,7~87

Secondary coolant system

Emergency core cooling system

Primary coolant addition and control system and
high-pressure injection system

Broken loop and pressure suppression system
Intact loop

Primary component cooling system

Power range
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— 10 BWST vaive
CV-P120-37

f/mmw
. #0810 valve
CvP12035

e COOLTAN! vesse! wall

. LIPS pump B discherge
i isolation valve
CYPI120119

Cv-P12053
1~ intact loop

Containment vesse! fioor
1o LPS pump 8. vaive
CHPIPIg

BWST 10 LPIS pump. vaive

Cv P20 ™8

_~ LPIS discharge
T crosste valve
Cv-P120907

L— Accumuiator B to
upper plenuT vaive

/ N CV-P120109
Downcomer
To ECC (A wam) 1SCiation valve
CvP120110
/ njection vaive Onftice
LPIS pump iniet trom g CVP12054
DECOMAMINGLON SUTD vaive /
e R Wl g LPIS fiow contros waive e t::i‘.w'“‘a’ around
CV-P12073 i
LPIS inpection pump -~ . X W Cv-P120. 701
Mscharge pressure 3 Pump nchanger
PT P20 74 — ECCPa4b ‘ Sutiet temperatyre
LPIS pump 0 TEP120 902 — R T L
BWST vaive FTP12072
ToBWST CvPi2099
e LPIS hagt gacnanger
ECCH 248
Heat exchanger NEL 2590
niet tempacatyre
TE £120.103

Figure B.1%5. LOFT BCCS inmrumentation — 8 train
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TABLE B-2. (continued)

Varrable,
Systom, and
Detector

DENSLTY
fcont toued )

BE-PC-003R

FUEL ARSEMELY
DISPLACEMENT

Assembly 5

DIE-%C1Y-01

PIE-S80Y-01

DIE-S511%-01

NE-SUF-001

BIE- S0P 062

Location

Intact leop below steam
g-neratoyr (SG) at PTY
flange. BPeam A 1=

1647 21 win fvom Besm B,

Intact loop below SC w0
1Y flange. Beam B

is through centerliine
of pipe 45° from
vertical,

Fue! rod at Row G,
Coluome 13 of Fuel
Assembly 5.

Fuel rod at Roaw W,
Coluen 3 of Fuel

Assembly 5.

Fuel rod 2t Row 1,
Colum ' of Foel
Asser

* nter of Fuel
As e

At top center of Fuel
Assemhly 5.

o to 1.0 Mg/nd

0 te 1.0 Wp/e'

210 am

210 we

10 -.

212.7 w»

2172.7 =»

10 we

10 Wr

10 w2

16 e

Tnitial
Condition
Uncerteinty

NS, | T

0.35 e=

0.35 =

0.2 e

After Expeciment Iritiation

Uncertainty

Rending ig) C omme nt ¢
-y L Failed.
>4 - Farled.
0 - 0.3 wa' Qualified, magnitade
5 .- 0.3 == wncertain.
10 o= 0.0 w=
0 0.3 o= Qualitied, magnitude
S om 6.3 e= uncertain,
10 - 0.36 =
0 o 0.3 - Qualified, sagnitude
S . 0.9 - unceriaLn,
10 o= 0.9 em
O o= 0.3 am Failed.
5.35 om 0.3 wm
17.7 == 6.3% am

. e Qualafied, magritude

uncertein.

3
11

N.OQ
g
i
sSoe
.
-






TABLE B-2. (continued)

Initiel
Variable, Cendition
System, and Neasurement .“““... Uncerisinty
___ Petector Location Rarge Frequency (53]
FLUID VELOCLTY
(cont inved )
Reactor Vessel
Leontinued)
FE-SLY-DO7 Lower end bow of 0.4 to 10.6 m/s 10 We -
Fuel Assembly 5.
FE-SUP-00) Above upper end hox of 0.4 to 10.6 w/s 10 we 0.2%
Fuel Asswsbly 5.
FLOW RATE
Slowdeus Sy~
pression Tank
Spray Systes
FE-F118-138 Blowdows suppression 0 to 6L 10 ¥z -
tack (BST) spray flow
rate in the 1.79-L/s
header
FE-PLIB 139 BST eprav flow rate 0 to 25 L/s 10 we L & I W
from pump discharge.
FE-FP1I8- 140 EST spray flow rate in 0t 20 L/e 10 M2 0.25 L/e
13.%-1L/» hender.
FE~F1I6-1%2 8ST spray [low rate 1in 0 te 10 L/ 10 B -
sproy pemp reciveuiation
line.
Secondary
Tociant Bystem
FT-PODG-012 intet ‘o air-cooled 0 to &40 kg/s 10 e 1.1 g/
condenser inlet header.
F1-POBG-O1IA tolet to sir-cooled 0 to 4 bglw 10 w2 ©.20 hg/n

condenser inler bheader,

After Experimwnt Initistion

_Reading

Uncertainty
(2) Comment &
0.2 mis Fatied.
8.3 mis
0.5 win
0.2 e Qualified, tlow divection
0.)5 wis not indicated.
0.5 wis
6.17 Lis Farled.
0.3 LUs Qualified, no instrvment
for divect comparison.
0.2% Lis
0.3 Lis Failed.
1.0 bgln
0.0 w.
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TABLE B-2, (continued)

08t

on southeast side.

Initial After Experiment Initistion
Variable, d Coodition
System, and Mensorement ”ceﬁu.. Uncertainty Uncertainty
__Detectoy Location Range  Freguency (%) Rending (2) Comment ¢ o
FILOW RATE
fcont inued )
Emergency Core
Cooling System
{cont inued)
F1-PI120-072 lLow-pressure injection 0 te 35 Lis 10 Mz 0.37 Lis - 0.37 Lie
system (LPIS) Pump B
discharge.
F1-P120-085% LP1S Pump A discharge. 0 to 25 Lin 10 Nz 0.37 Lis —-— 0.37 L/e Qualified, except for
sputious spikes.
FT-FL2R-GBS Righ-pressure injection 0 to 2 L/s 10 ®2 0.014 L/is - 0.0)4 L/s
system (HPIS) Pump R
discharge.
FT-FI2R- 104 MPIS Pump A discharge. 0to? Lie 10 Mz 0,014 Lie - 0.014 i/ Oualified.
Intact Loop
FT-P139-27-1 Intact loop hot leg 0 to 630 kg/s 10 W 4.6 kp/e - 4.6 kglw
venturi {lowmeter
(right side facing SC).
FI-P139-27-2 Intact loop hot ley € to 630 kg/s 10 He 4.6 kg/s - 4.6 kpis Qualified, initial
venturi flowmeter conditions only.
(bottom of pipe).
FT-P139-27-3 Intact loop hot leg 0 to 630 kp/s 10 Wz - -- 4.6 kgls Failed.
venturi flowmeter
(left side facing SC).
Primary Com-
ponent Cooling
System
FI-Plal-022 Frimary component 0 te 22 Lis 1 W 0.16 L/ -- 0.16 L/
cooling system,
LIQUID LEVEL
Latact Loop
LD-P139-006 Pressurizer liquid level 0Dtol.fm 0 Wz - e 0.06 m Failed,
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TABLE B-Z.

Variable,
System,
Detector

and
PRESSINE
{cont Lvauwed

Iotect [nnr
(cont inued )

P1-P16-00

PI-PI39-041

F1=ri1)s-05-1
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Eeactor Vessel

L9

KE-TEM-86-5

RE TRM-86-8

POWEER
Reactor Vessel

RE-T-77-1A2

RE-T-77-2A2

RE-T-77-3A2

RE-T-B7-4A2

(continued)

Location

Intact loop hot leg at
venturt on right =ide
when looking towerd S0,

Containment

Fressutizer, 1. KR m shove
hottom (vapor space).

Transyent
meler

resctivaty
in shield tank.

Irancient reactivity
meter in shield tank.

Power Chaonel A

level .

range

Power range, Channel B
level.

Poser vange, Channel €
Jovel.
Power Channel D
tevel.

range

Measurement
Range

0.1 to 21 Nba

D to 200 MPa

0.) to 17.7 nPa

+0. 145 Rho

$0.145 Rho

0 to

62.5 M

0 to

0 to 1252 power

Record

R
Yrequenry

10

10

10

10

10

10

10

10

Mz

Ha

B2

L34

Nz

Initiel
Conditron
Uncertainty

0.15 MPa

1.4 WPa

0.12 MPa

0.01 phe

0.1 Rhe

2.0 mu

7.0 M

4Y power

_After Experiment Initistion

Uncertainty

_ Reading

- 0.15 ¥pa

e 1.4 ¥Pa

s 0.12 WPa

ke 0.01 Rhe

0.01 Rhe

2.0 mw

- 4T poser

(t)

e Comments

Qualified, encept for
spurious spikes, response
limited doring subcooled
blowdown .

Qualified.

Qualified.

Qualifird.

Qualified.

Qualified.

Gualified,
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TABLE B-2. (continued)

Variable,
Systen. and

_ Detector Location

TEMPERATURE
feont ynued )

*ntact Loo
(< ont inwed)

TE-PL~010 Next to top of ECC 25%
Rake 2.

TE-PC-011 Top of ECC Rake 2. 255

13

Secondar :
Coolant System

TE-PDOG-D5 Condensate veceiver. 750

lwt'encz Cote
Cooling System
TE-P1I0-001 BWST ., %0

TE-P120-027 Accumulator B, 250

TE-F120-041 Accumulator Al 250

TE-F126~-102 LPIS Heat Exchanger A 25%
outler,

Initial After Experiment Inmitiation
Pecardi Condition
Heasurement ".. lincertainty Uncertainty
Range Frequency (2) Reading (2) Comment «

to 390 F 10 ¥z L3 400 ¥ 38K Qualified, possible
500 x L0k hot wall effects.
ssor L2 x
600 K 4.7 K

to 590 x 10 W2 3R 400 % I8k Qualified, possibie
500 ¥ 4.0 x hot wall effects.
550 K 4.2 x
500 K L7 K

to 500 & 10 Wz 6.3 250 x 60K Oualified,
350 & 6.1
500 ¥ 6.3 x

to 370 X 10 w2 6.0k % x 60K Qualified, except for
3ok 6.1 K spurious spikes.

to 370 & 10 Wz 6.0 * 250 ¥ 6.0 K Qualifind.
RRLUR 3 6.1 K

to 370 ¥ 10 N 6.0 K 50 x 6.0k Qualified,
3ok 6.1 ¢k

to 4BO ¥ 10 Mz 4.4 - LR Qualified.

TERRENINRRRRRNNam—.

e e S
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TABLE B-2. (continued)

Initial After Experiment Initiation

Variable, Secivd Condition

Svstem, and Measurement ‘“. Uncertainty Uncertesinty
__ Detector Location Range Frequency (1) Reading (2) Corment s
TEMPERATIRE
Lot inued)
Intact Loo
Tcontinued)

T5-P139-020 Pressurizer liquid IR0 to 640 Kk 10 Wz 6.4 K 450 ¥ LI ¢ Qualified, hot wall
volume, 0,36 m above 550 & £.3 K effects and limited
heater rods, 650 x L time response.

TE-P119-20-] Pressurizer liquid 180 to 640 K 10 We L 450 % 6.2 ¢ Qualified, hot wall
volume . 550 x 6.3 K cffects and limited

650 K 6.4 K time response.

TE-P1)9-78-2 Intact loeo cold leg. 53 to 620 x 10 B2 1.6 X s 1.6 2

TE-P1)9-02% Intart loop .obe Wyg. 280 tc 820 Kk 10 Mg 1.6 ¢ = 1.6 ¢

TE-Py 19-32-] Intact loop hot leg. 280 ta K20 ¥ 10 We 1.7 r - 1.7 Guali¥ied, initial

conditions only.
Primevy Cow-
ponent Cooling
System
- b

TE-Plal-094 Dosnstream from primary 275 to 356 K 10 He 0.3k e LU N
component cooling :
system heat exchanger.

TE-PI41~095 Uipstream from primary 275 to 350 K 10 Wz naX acom 0.3 x
component cooling
system heat exchanger. .

_ % oy

Intact Loop S

e ———— & R

TE-$6-001 Intace, ‘o 255 to 980 ¥ 10 uz 4.2 400 X 3.3k Qualified, possible bt
S anl pkqnl. 00 X 3.6 X wall effects after 40 «.

00 K .30 "
1000 K 6.8 x
{
1E-SG-00 1A fntact rop 255 to 980 K 10 Mz (8 & 400 ¥ 1.3k Qualified, possible bot
SC inlet plenem. % u - 500 & 3.6k wall effects after 40 s,
4 \ 00 exr
L1 5 1000 ¥ 6.8k &
» :
o
" ‘ y

-



TABLE B-2. (continued)
Initisl After Experisent Initiation
Variable, —— Condition
Syste, and Meanurement ". Uncertainty Uncertainty
__ Dbetector o Locaties Range Frequency (1) Reading (¢) Comment s
TEMPERATURE
{continued)
Intact Loo
(-ont Tnumd}
TE-SG-002 Intact loop 255 to 98O ¥ 10 Bz L0 00 x 1.3k Quaiified, possible hot
SG outlel plenum. 500 ¥ 3.6k wall effects after 1¥ ».
w00 X 4.3
1000 & 6.8 x
TE-SG-002A Intact loop 25% to 980 X 10 B 4.0 K L0 x 3.3k Oualified, possible hot
S6 outlet plenum, 500 X .6 X wall effects after 18 s.
600 K 4.3 x
1000 X 6.8 K
Secondar
4 Coatant System
TE-SG-003 SC secondary side down- 255 to 590 x 10 Kz 4.2 400 ¥ 3.8 K Qualified,
comer, 0.2% m above top 500 x 40K
of tube sheet, 550 K L2 r
600 K 4.7 ¥
TE-S0-004 SC secondary side down- 755 to 590 X 10 N2 -~ 400 x 3ex Failed.
comer, 2.12 m above top 500 x 4.0 x
of tube sheet. 550 ¢ 4.2 Kk
600 K R
TE-SG-005 SG secondary side down- 255 to 590 x 10 Hz 4.2 K 400 3.8k Qualified.
comer, 2.92 m above top 500 ¥ L0k
of tube sheet. 550 x a2 r
600 K 4.7 x
!Lo:dhtm Sup-
pression System
TE-SV-001 BST, 0.3 m north of 255 to 4RO K 10 Wz 3.0k e 3.0k Qualified.

Powncomer ', 0.53 m east
of tank centerline,
2.72 m from tank bottom,

——
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TABLE B-2. (continued)
Variable,

System, and

Bethetoy .. MecEtion | .
TEMPFRATURE

feontinued)

Blowdown Sup~
pression S*o tem
{cont inued)

TE-SV-002
TE-SV-0013
TE-SV-D06
TE-SV-006
TE-SV-007
1£-SV-008

TE-SV-009

BST, 0.7 m north of
Powncomer 1, 0.53 » east
of tank centerline,
2.% m from tank bottom,

RSY, 0.3 » north of
Dovoncomer 1, 0.5 » east
of tank centerline,
1.90 » from tank hottom.

BS1, 0.3 m north of
Downcomer 1, 0.5) m east
of tenk centerline,
1.45 » from tank bottom,

BS1, 0.3 » north of
Downcomer |, 0.5 m sast
cf tank centerline,
0.37 ®» from tank bottom.

BST, 0.1 m» north of
Dowscomer 3, 0.5) m east
of tank centerline,
2.72 m from tank hottom.

BST, 0.3 m north of
Downcomer 3, 0.53 m east
of tank centerline,
2.% w from tank bottom.

BST, 0.3 » north of
Downcomer 3, 0.53 m east
of rank centerlipe,
1.90 m from tank bottom.

5%

235

255

25%

255

255

255

Inisinl After Fxperiment Initiation
Measurement ."o'“". h:::::::::y Uncertainty
L Frequency (s) Reading (s) Comment &

to 4RO K 10 He .ok o 3.0 K Qualified.
to 480 ¥ 10 Nz 3o - .ok Qualified.
to 480 ¥ 10 Wz j.ox - 3.0k Qualified.
to 4RO K 10 Nz 3.0k " 30K Qualified.
to 4BO K 10 Kz 3.0k - 3.0k Qualified.
to 480 X 10 Bz 3.0k e 3.ox Qualified.
to 480 x it N2 j.ox b jox Qualified.

P T—

-

Py E—



TABLE B-2. (continued)
Initiel After Experiment Initistion
Variable, v Condition
System, and Measurement .'. Uncertainty Uncertainty
__ Detector  Locationm Range Frequency (t) Reading (2) Comment s
TEMPeRATURE
feontinued)
Elowdown -
Ez:ui.v.ﬂ_i*'.':ﬁ
feontinued
TF-8y-010 ES1, 0.3 w novth of 255 to 4R0 10 Bz J.ox - j.ox Qualified.
Downcomer 3, 0.57 m east
of tank centerline,
1,45 = from tank bottow.
TE-Sv-0l1 BSY, 0.3 ® novth of 255 to 4BD K 10 He jox - 3.0k Qualified,
Downcomer 3, 0,57 m east
of rank centeriane,
0.99 = from tank bottom,
TE-SV-012 PET, 0.3 » north of 255 to 480 x L 1.0x -- 30K Failed.
Downcomer 3, 0.5 m sast
B of tank centerline,
- 2 0.37 m from tank bottom.
TE-TO55-002 Containment . 255 to 400 X 10 He 0.4 - 0.4 x Qualified.
Reactor Vessel
TE-1ATL-030 Cladding on Furl 420 to 15W x 10 We 5.7k 450 “.0x Qualified.
Assewbly 1, Row A, £00 x 5.6 01
Column 11, 0.76 o above 900 K 10.0 K
bottom of fuel rod. 1500 & 19.4 ¥
TE-IRID-037 Cladding on Fael 420 te 1530 K 10 Wz 5.7 K 450 & 4.0x Qualified.
Assenbly 1, Row B, 600 K 5.6 K
Column 10, 0.9 m above %00 ¥ 10.0 ¥
bottom of fuel rod. 1500 x 19.4 ¥
TE-1811-028 Cladding on Fuel 420 to 1530 K 10 Wz 5.F K 450 K “.0r Qualified.
Assembly 1, Row B, 00 ¥ S.6 K
Colwn 11, at 0.7l = 900 K 10.0 x
atove bottom of fuel vod, 1500 x 19.4
TE-1811-032 Cladding on Fuel 420 to 15% X 10 Wer 5.7 % 450 K L0 Qualified.
Assembly 1, Row B, 600 ¥ 5.6 %
Columm 11, at 0.8l m 900 X 10.0 X
1500 ¥ 19.4 ¥

above bottom of fuel rod,
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TABLE B-2, ({(continued)

R R R R R R R R R RS

tanivial After Experiment Initistion
Varisble, P PO Condition
System, »nd Measurement : '. Uncertainty Uncertainty
Detector = lecetien 0 Renge Freguency (£) —Desding is) Sk 4
TEMPERATURE
Ceontinued)
Reactor Vessel
{cont inued)
TE-1ST-008 Downcomer Stalk |, 255 ro 980 x 10 w2 4O X 400 x 3.3k Qualified.
0,74 m from RV bottom, 500 % 3.6 @
500 X 4.3k
1000 % 6.8 Kk
TE- 1ST-00% Downcomer Stalk 1, 255 to 980 K 10 Wz L.0x 400 x 3.3k Qualified.
0.64 m from RV bottom. 500 k KN
600 K 4.3 K
1000 ¥ 6.8 k
TE-1ST-010 Powncomer Stalk 1, 25% to 980 K 10 Nz “.0x 400 K 33k Quelified,
0.% m from BV bottom, 500 x 3.6k
600 K 4.3
1000 ¢ 6.8 k
TE-181-011 Downcomer Stale 1, 255 to 980 & 10 h2 400 400 x 3.3 % Qualilied.
0.4 m from RV bottom. S00 K 3.6k
600 K 4.3 K
1000 x 6.8 Kk
TE-181-012 Downcomer Stalk 1, 755 te 980 x 10 Rz 4,0 ™ 400 X 3.3k Qualified.
0.% m from RV bottom. 500 ¥ jex
600 ¥ 4.3 K
1000 ¥ 6.8 K
TE-157-01) Downcomer Stalk 1, 255 to 980 10 Wz Lon 4o x L I Qualified.
0.26 m from RV bottom, 500 x J.6 R
“00 ¥ 4.3 x
1000 ¥ L
TE-1ST-014 Downcomer Stalk 1, 255 to 980 K 10 Nz 40K 400 x 3.3 % Qualified.
1.17 m from RV bottom 500 ¥ 3.6k
({inside of DIT). 600 ¥ L3
1000 ¥ 4.8 K
TE-1ST-0(S Downceomer Stalk |, 255 to 980 K 10 Hz L.0x 400 ¥ 3.3k Qualitied.
I m from BV bottom 500 x 3.6k
(inside of DTT). 600 4.3 K
1000 x 6.8k
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TABLE B-2. (continued)

Initial After Experiment Initistion
Variable, . Condition
System, and _ Measurement .“""". Uncertainty Uncertainty
. Detector = Locetion - Range Frequency (t) Reading () Comment «
TEMPERATURE
{continued)}
Reactor Vessel
(contirued)
TE-1UP-001 Fuel Assembly 1 upper 310 to 980 ¥ 10 w2 43¢ 400 K 3.3k Qualified.
end box, 500 k 1.6k
600 K 4.3k
1000 x 6.8 ¥
TF-1UP-002 Fuel Assembly 1 upper 110 to 980 ¥ 10 Wz 4.3 x “00 x 33k Qualified.
end box. 500 K 6K
600 x 4.3 r
1000 x LN
TE- WP -004 Fuel Assesmhbly 1 support 30 te 980 10 He 4.2 K 400 x 3. x Quaiified.
column above RV nozzle, 500 x 36k
600 X 4.3
1000 & 6.8 K
TE-1UP-005 DTT FE-1UP-1 above Fuel 310 to 980 K 10 He 4.2 K “o v 238 Qualified.
Assewhly 1. 500 K 3.6 %
600 K 4.3 1
1000 ¥ 6.8 r
TE- LUP-006 Fuel Assembly 1 support 310 to B8O ¥ in ne .2k 400 ¥ EREN Qualified.
column, 500 x 3.6k
600 ¥ &3k
1000 x 6.8k
TE-1UP-007 Fuel Assembly 1| support 310 to %R0 X ‘0 Rz 43X 400 K 3k Qualified.
column, 500 K 1.6 K
600 ¥ 4.3k
1000 ¥ 6.8 ¢
T1E-2E0R-011 Cladding on Fuel 420 to 1530 K 10 Kz 3.5 8 450 K 40K Qualified.
Assembly 2, Row E, 600 ¥ 5.6k
Coluen 8 at 0.78 m above 900 K 10.0 ¥
hottom of fuel rod. 1500 ¥ 194 &
TE=-2E0R-030 Cladding on Fuel 420 to 150 X 10 W2 5.7 450 ¥ 4.0 Qualified,
Assemhly 2, Row F, 600 ¥ 5.6k
Column B at 0,76 » above 00 x 10.0 x
1500 x 19.4 &

bottem of fuel rod,
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TABLE B-2. (continued)

Initial After Experiment Initiation
Variable, s Condition A
System, and Mearurement S "". Uncertainty Uncertainty
aDURmCRON . et tesstiew | L o | Rewge Frequency (£3) Reading (£3) Comment &
TEMPERATURE
fcont inued)
Reactor Vessel
Teant ievied)
TE-2E08-045 Cladding on Fuel 420 to 15%0 % 10 Hz 5.7k 450 x 4.0k Qualified.
Assembly 2, Row E, 600 ¥ 5.6 K
Column B at 1.14 m above S00 X 10.0 x
battom of fuel red. 1500 K 19.4 K
TE-2FD7-015 Cladding on Fuel 420 o 1530 K 10 Nz 5.5 % 4«50 x 4.0k Qualified,
Assembly 2, Row F, 600 X 5.6 K
Column 7 at 0.38 » above S00 x 10.0 ¥
bottom of fuel rod. 1500 x 19.4 ¥
TE-2F01-012 Cladding on Fuel 420 to 1530 k 10 Wz 5.6 K 450 & a.00r Qualified,
Assembly 2, Row F, 600 X 5.6 K
Column 7 at 0,9 m above 500 10.0 x
bottom of fuel red, 1500 x 19.4 ¢
TE-2F08-N28 Cladding on Fuel 420 to 1530 k 10 Wz 5.6 K 450 x 4.0 x Qualified,
Assembly 2, Row F, 600 ¥ 5.6 K
Column 8 at 0.71 m above 900 & 10.0 k
bottom of fuel vod. 1500 x 19.4 ¥
TE-2F08-012 Cladding on Fuel 420 te 1530 & 10 We 5.7k 450 K 40K Qualitied,
Ascenbly 2, Row F, 600 K 5.6 ¢
Column 8 at 0.81 m above 900 K 10.0 x
bottom of fuel rod, 1500 19.4 %
TE-2F09-026 Cladding on Fuel 420 te 1530 % 10 Mz 5.6 K 450 K 4.0%x Qualified,
Assembly 2, Row F, 600 K 5.6 K
Column 9 at 0.66 m above 900 x i0.0x
bottom of fuel rod, 1500 ¢ 19.4 ¥
TE-2F09-04 1 Cladding on Fuel 420 to 1570 K 10 uz 5.7 % 450 ¥ 4.0¥ Qualified.
Assewhly 2, Row F, 600 X 5.6 K
Column 9 at 1.04 m above 00 x 10.0 K
bottom of fuel rod. 1500 x 19.4 ¥
TE=2602-030 Cladding on Fuel 420 to 1530 & 10 He 5.5 ¢ 450 K 4.0k Qualified.
Assembly 2, Row €, 600 € 5.6 X
Coluem 2 at 0.76 m above 900 k 10.0 x
bottom of fuel vod, 1500 ¥ 19.4 k
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TABLE B-2.

Varisble,
Systewm, and
_Derector

TEMVERATURE
{eont inued)

Reactor Vessel
{cont 1aued)

TE-2002-032

TE-2W03-02%

TE-IKUK-039

TE-2H13-021

TE-7H13-049

TE-IHI4-028

TE-2R14-037

TE-2815-026

(continued)

- ReyT——— T —— .

P — T R R R —

e e e

. Location

Cladding on Fue!
Assembly 2, Row W,
Column 2 at 0. 8] » above
bottom of fuel rod.

Cladding on Fuel
Assembly 2, Row R,
Column 3 at 0.66 & above
tottom of fuel rod.

Cuide tube for Fuel
Asgembly 2, Row H,
Column B at 0.99 » above
bottom of guide tube,

Cladding on Fuel
Assewmbly 2, Row H,
Column 13 a2 0.5} m
above bottom of fuel
rod.

Cladding on Fuel
Assembly 2, Row H,
Columan 13 at 1.24 w» above
bottom of fuel rod.

Cladding on Fuel

Assembly 2, Row H,
Column 14 at 0.71 m» above
bottom of fuel rod.

Cladding on Fuel

Assembly 7, Row W,
Columm 14 at 0.8i m above
bottom of foel rod.

Cladding on Fuel

Assembly 2, Row M,
Column 15 at 0,66 m above
bottom of fuel vod,

Initial After Experiment Initistion
Recording cm"f" .
Measurement Uncertainty Uncertainty
Range Frequency i2) Reading (t) Comment s

420 to 15% x 10 B2 5.5k 450 ¥ 4.0k Qualified.
600 ¥ 5.6 x
S00 ¥ 10.0 x
1500 x 19.4 ¥

470 to 1530 K 10 Bz $.5 % 450 x 4.0k Qualified.
600 ¥ S.6 K
500 ¥ 10.0 x
1500 ¥ 19.4 ¥

420 to 1530 x 10 Hz 5.4 K 450 L0k Qualifiea.
600 x 5.6 K
900 x 10.0 x
1500 x 19.4 &

420 to 1530 ¢ 10 He S.6 ¢ &50 x 40K Qualified.
600 X 5.6 K
900 x 10.0 K
1500 K 19.4 X

420 to 1530 x 10 Wz 5.8 K 450 x “0x Qualified.
600 K 5.6 K
900 X 10.0 x
1500 ¥ 9.4 x

420 te 1530 & 10 ¥z 5.7 % 450 % 4.0 K Qualified.
600 K 5.6 %
900 K 10.0 ¥
1500 ¥ 19.4 x

420 to 1530 K 10 W2 S.R X 450 x 4.0 x Qualified,
600 ¥ 5.6 K
9500 K 10.0 x
1500 x 19.4 ¥

420 te 1530 K 10 Hr 5.8 K 450 ¥ 4.0 Quatified.
00 K 5.6 K
900 K 10.0 x
1500 x 19.4 K
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TABLE B-2.

Variable,
Svstem, and
—Detector

TEMPERATURE
{continned)

Reactor Vessel
-

Teout fmied)

TE-3 P-001

TE-LP-007

TE-JuP-001

TE - UP-00%

TE-3UP- 008

1E-Jup-010

TE-WP-0i 1

TE-3UP-012

R — e T L A _________

(continued)

T RN R

B e g a a e

Fuel Assembly 3 lower
end box.

Fuel Assembly 3 lower
cod box.

Furl Assemhly 3 upper
end box.

Fuel Assembly 3 support
column,

Liquid level transducer
ahove Fuel Assembly 3.

Ligquid level transducer
above Fuel Assembiy 3.

Liquid level transducer
above Fuel Assembly 3,

Liguid level transducer
abnve Fuel Assembly 3.

initial After Experiment Initiation
Recording Condit.im
Measurement : Uncertainty Uncertsinty
__Location . Range Frequency () __Reading (2) Comment s

310 to 980 X 10 Hz “.0r 400 x 3.ax Qualified.
500 X 1.6k
600 K 4.3k
1000 ¥ 6.8 K

310 to 98D X 10 ¥z 4.0 ¥ 400 X 3.3k Qualified.
500 x E L
800 K 4.3
1000 ¥ 6.8 ¢

310 to 980 10 Mz 3R 400 & 3 x Qualified.
500 k J.6x
600 K 4.3k
1000 x 6.8 K

310 to 980 K 10 H2 4.2 x 400 X PR Qualified.
S00 & 16k
600 K L3k
1000 x 6.8 ¢k

310 ro 980 K 10 Hz 4.2 x 400 K 3.3 «x Qualified.
500 ¥ 3.6k
600 K 4.3 x
1000 x 6.8 Kk

310 to 980 x 10 Wz 4.2 K 400 ¥ 33k Qualified,
500 x 3.6k
600 ¥ L
1000 * 6.8 x

31N ro 980 K 10 W2 4.2 r 400 K 3.3 Qualified.
500 X 3.6 K
600 K 4.3 K
1000 K 6.8 K

310 to 980 ¥ 10 Mz 4.2 K 400 K 3.3k Qualified.
500 ¥ 3.6 x
600 ¥ 4.3
1000 ¥ 6.8 K



R8T

TABLE B-2. (continued)

Initial After Experiment Initistion
Variable, Secordin tondition
System, and Measurement * Uncertainty Uncertainty
Petector Location __Renge  Frequemcy  (2) Reading . ¢ 2 S Comment s
TEMPERATURE
(continued)
Beactor Vessel
{cont inued )
TE-3uP-01) Ligquid level transducer 310 to 980 x 10 Wz 4.2k 400 x 3.3k Qualitied,
above Fuel Assembiy 13, 500 x e X
600 X 4.3k
1000 ¥ 6.8 X
TE-P-016 Liquid level transoucer 110 to SR80 K 10 Wz 4,2 K 400 X 3.3k Qualified,
above Fuel Assembly 3. 500 x E U
A00 x L3
1000 x 6.8 Kk
1E-UP-015% Ligquid level transducer 310 to 980 K 10 Re 4.2 K 400 K ik Qualified.
above Fuel Assembly 1. 500 x L
600 K 4.3 K
1000 K 6.8 Kk
TE-JUP-018 Ligquid level transducer 310 to 980 K 10 ne 4.2 K L00 K 3. ax Qualified.
above Fuel Assembly 3. 500 x 1.6 1
600 K 4.3k
1000 ¥ 6.8 K
TE-LEOR-01) Cladding on Fuel 420 to 1530 10 He $.5k 450 X “.nx Qualified.
Assembly 4, Row ¥, 600 Kk S.6 K
Coluvmn 8 at 0.28 m 900 ¥ 10.0 x
ahbove hottom of fuel rod. 1500 x 19.4
1F-4E08-00 Cladding on Fuel 420 to 1530 K 10 Nz 5.7k 450 x 40K Oualified.
Assembly &, Row F, 600 K 5.6 k
Column 8 at 0.76 » 900 x 10.0 &
above hottom of fuel rvod. 1500 ¥ 194 x
TE-LEOR-04% Cladding on Fuel 420 to 150 & 10 Wz 5.8 ¢ 450 x 4.0k OQualifred.
Assembly 4, Row F, 600 X 5.6 K
Column 8 at 1.14 m above %08 X 10.0 K
bottom of fuel rod. 1500 K 19.4 X
¥ -4FO7-015 Cladding on Fuel 420 to 15W K 10 B2 5.4 & 150 & 4.0 K Qualified.
Assembly 4, Row F, 600 K 5.6 x
Column 7 at D8 m S00 ¥ o.onx
above bottom of fuel rod, 1500 & 19.4 x
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TABLE B-2. (continued)

Initisl After Evperiment Initiation
Variable, Recordin Condition
System, and Measurement - '. Uncerteinty Uncertainty
_Detector —0CATIOO Range Frequency i) Keading (£) Comment s
TFSPERATURE
{cont inued)
Soarter Vessw)
{continoed)
TE-4F07-0)7 Cladding on Fuel 420 to 1530 x 10 He 5.6 x 450 x 4.0k Quelified,
Assembiy &, Row F, 600 X 5.6k
Column 7 at 0.% w above 900 K 10.0 x
bottom of fuel rod. 1500 & 19.4
TF-4FOR-028 Cladding on Fuel 420 to 15V x 10 Hz $. 7k 450 Kk 4.0 x Qualified.
Acsombly & Row F, 600 X 5.6 &
tolums B at 0,71 m above 900 x 10.0 x
bottom of fuel rod. 1500 ¥ 19.4 ¥
TE-wFOE-0Y2 Cladding on Fuel 420 to 1530 10 Wz 5.7 % 450 4.0x OQualified.
Assenbly &, Row F, 600 K 5.6 K
Column B at 0.81 » above S00 x 10.0 x
bottowm of fuel vod. 1500 ¥ 19.4 ¢
TE-LFOY-026 Cladding on Fuel 420 to 1530 & 10 Hz 5.6 x LS50k 4.0k Qualified.
Assembly 4, Row F, 600 K 5.6 K
Column § at 0.66 w above °00 X 10.0 x
bottom of fuel rod. 1500 x 19.6 ¥
TE-4LF09-041 Cladding on Fuel 420 to 1530 & 10 Nz 3.2k 450 x 4.0 K Qualified,
Assembly & Row F, 600 X 5.6 K
Column 9 at 1.04 m above %00 ¢ 10.0 x
bottom of fuel rod. 1500 & 19.6 x
TE-4G02-03%0 Cladding on Fuel 420 to 150 10 e r % 450 K 40K Qualified.
Assembly 4, Row G, 00 K S.6 K
Column 2 at 0.76 = above S00 ¥ 10.0 x
bottom of fuel rod. 1500 x 194 x
1E-4COR-021 Cladding on Fuel 420 to 1530 X 10 ¥z S6 K 450 x 4.0 K Qualified.
Assenbly &, Row O, 600 x 5.6 x
Column 8 at 0.5 m above %00 ¥ 10.0 x
bottom of furl rod, 1500 % 9.4 x
TE-&CUE-019 Cladding on Fuel 420 o 1500 10 Wz 5.7 K 450 ¥ 40K Oualifired.
Assewmbly &, Row €, 600 K S.6k
Column & 3¢ 0,99 m above S00 x 0.0
bottom of fuel rod, 1500 x 19.4 ¥
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TABLE B-2. (continued)

Initial _After Experiment Initistion
Variable, Snwedii Condition
System, and Measurement “ Uncertainty Uncertainty
__Detector ~  tocatiom = Remge = Frequeny = (#) Reading (¢) - Comments =
TEMPERATURE
{cont inued)
Reactor Vessel
(continued)
TE-4114-039 Cladding on Fuel 420 to 1530 K 10 0z 5.8 K 450 K 4.0 Qualified.
Assembly &, Row 1, 400 ¥ 5.6 K
Column 14 at 0.99 m above 900 x 10.0 ¥
bottom of fuel rod. 1500 ¥ 1.4 ¥
TE-4LP-001 Fuel Assensbly 4 lower 310 to 980 x 10 Nz 4.0 x 4no x 3.3 % Qualified,
end box. 500 x LN
600 &k 4.3k
1000 ¥ 6.8 x
TE -4t P-DOY Furl Assembly & lower 110 to 980 ¥ 10 M2 4.0 K 400 x 3.3 % Qualified.
end box. 500 x J.6 X
600 kX PR
1000 k 6.8 K
TE-4UF-00] Fuel Assembly & upper 110 to 980 kx 10 Nz .3 400 x 3.3 R Qualified.
end box, 500 K J.6 K
600 K L3 K
1000 £ .8 K
TE-GUP-007 Fuel Assembly & upper 110 to 980 K 10 ¥z K3 K 400 k 3.3k Qualified.
end box. 500 & 1.6 K
600 ¥ 4.3k
1000 ¥ 6.8 ¢
TE-AUP-003 Fuel Assewhly & upper 310 to 980 ¥ 10 Wz 4.3 K 400 ¥ 3.3 Qualified.
end hox. 500 x 3.6 K
600 K 4.3k
1000 ¥ 6.8 K
TE-4UP- 004 Fuel Assembly 4 310 to 980 ¥ 10 nz L I 400 ¥ 6 P B ¢ Qualified.
support column. 500 K 1.6 x
600 K 4.3 r
1000 ¥ 6.8k
TE-GUP-005 Fuel Assembly 4 310 to 980 X 10 Wz L I 4o ¥ 3.3k Qualified.
support columo, 500 K 6K
600 ¥ 3 r
1000 x 6.8 K
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TABLE B-2. (continued)

Initial After Experiment Initiation
Variable, - Comdition
System, and Measurement Uncertainty Uncertainty
Detector = Location = Geage = Freque (1) ~Besding . C 1 TR Sonnmity
TEMPERATURE
(cont inued )
Reyctor Vessel
(eont inued)
TE-SMO7-026 Cladding on Fuel 420 to 1 3O K 10 W2 5.7 x 450 k 4.0 K Qualified.
Assembiy 5, Row M, 600 Kk 5.6 K
Coluen 7 at 0.66 m above 00 x 10.0 x
bottom of tuel rod. 150 x 19.4 K
TE~-SMO7-032 Cladding on Fuel 420 to 1570 x 10 Ha 6.7 x 45 x 5.2k Qualified.
Assembly 5, Row M, 00 ¥ 6.5 ¢
Column 7 at 0.81 w above %00 k 10.6 x
bottom of fuel rod. 1500 x 9.9k
TE-5M07-062 Cladding on Fuel 420 to 1530 x i Hz 5.7 ¢ 450 Kk 4.0 x Qualified.
Assembly 5, Row M, 600 % 5.6 K
Column 7 at 1.57 m above 900 x 10.0 x
bottom of fuel rod. 1500 x 19.4 x
TE-SUF-003 Fuel Assembly 5 upper 110 to 980 K 10 e 4.3 x Lot ¥ 338 Qualified.
end box. 500 K EPU
600 K 4.3 K
1000 K 6.8 k
TE-5UP- 004 Fuel Assembly S upper 310 to 90 K 10 Nz 4.3 K 400 X 3.3k Qualified.
end box. S00 K 3.6 K
600 K 4.3k
1000 K 6.8 K
TE-SUP-00% Fuel Assembly 5 upper 310 re 960 K 10 Kz 4.3 K 400 x 3.3k Qualified.
end box. 500 ¥ 1.6 K
600 K 4.3 x
1000 K 6.8 K
TE-S5uP-010 Fuel Assembly 5 upper 310 to 980 K 10 N2 4.3 % 400 X 3.3k Qualified.
end hox. 500 x 3.6 K
600 X 4.3 K
1000 X 6.8 K
TE-SUP-011 Fuel Assembly 5 upper 310 to 980 ¥ 10 Wz 4.3 K 400 ¥ 3.3k Qualified.
end box, 500 ¥ 3.6
00 ¥ 4.3 K
1000 ¥ 6.8 K

i e e R e
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APPENDIX C

PREEXPERIMENT PROCEDURES AND DATA
CONSISTENCY CHECKS

1. Checks of Preexperiment
Data




Ditterential Pressure Data

{

samma Densitometer Data




Venturt Data
Thermocouple Data

I Drag Disc Turbine Transducer or7

K

Checks During and After the
Experiment

Gamma Densitometer Data

Pressure Data

2.4 Liquid Level Data

Temperature Data
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P.O. Box 1625
Idaho Falls, Idaho 83415




