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ABSTRACT

Uninterpreted experimental da.a from the third
nuclear small break loss-of-coolant experiment
(Experiment 1L3-7) conducted in the Loss-of-Fluid
Test facility are presented. Experiment L3-7
simulated a small break (equivalent to a I-in.-
diameter rupture in a commercial plant) in the

primary coolant system cold leg. This report
presents data from 174 direct measurement
devices and 14 computed variables in the form of
graphs in engineering units to facilitate the
analysis of the system thermal-hydraulic behavior.
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SUMMARY

This report presents experimental data from the
third nuclear small break ioss-of-coolant experi-
ment (Experiment L3-7) conducted in the Loss-of-
Fluid Test (LOFT) facility. The data are in an
uninterpreted but readily usable form for use by
the nuclear community in advance of detailed
analysis and interpretation. Experiment L3-7 was
performed on June 20, 1980, as part of the LOFT
Experimental Program conducted by EG&G
Idaho, Inc., for the U.S. Nuclear Regulatory
Commission. This experiment is part of the LOFT
Small Break Experiment Series L3 which was
designed to provide data for investigating the
thermal-hydraulic response of the LOFT reactor
system to small primary coolant system ruptures.
Experiment L3-7 was conducted at 49 + 1| MW
(yielding a maximum linear heat generation rate of
S2.8 + 3.7kW/m). The objectives of LOFT
Small Break Experiment Series L3 are to provide
data for code assessment and development and to
assist in answering the following questions
concerning pressurized water reactor (PWR)
system responses to small, primary system
ruptures:

I. How does the primary coolant system
(PCS) respond during a small break when
the high-pressure injection system (HPIS)
flow is of the same order of magnitude as
the break flow when system pressure
stabilizes later in the transient?

2. Can the secondary coolant system (SCS)
effectively remove heat from the PCS when
the PCS liquid level has dropped low
enough to void the primary side of the
steam generator?

3. What are the effects of turning off the
HPIS injection flow later on in the
transient?

4. How effectively do the major systems, such
as low-pressure injection system (LPIS),
accumulator, HPIS, steam generator, etc.,
perform to prevent core damage? Do any
of these systems appear not to be needed
for this particular break size and/or
location?

S. Wha: kind of recovery procedures should
be used in the event of a small break loss-

i

12.

of-coolant accident (LOCA) and, in par-
ticular, which recoverv heat transfer mode
is most appropriate?

Are there key times in the transient when
operator action is required to protect the
core?

From an analysis point of view, are there
operator/equipment actions that must not
occur?

Given a small break occurrence of
unknown size and location, are there
operator actions that are dependent on the
break unknowns that would aid plant
recovery in one case and impede plant
recovery in another case?

Are typical commercial reactor process
instruments capable of providing accurate
informaticn on plant conditions during a
transient? Specifically:

a. Which instruments furnish relevant
data and which do not?

b. Can the operator use information
from typical process instruments to
estimate the break size and
location?

A Can the instruments be arranged in

the control room in a manner that
would aid in diagnosing and follow-
ing the transient?

. Are there any additional measurements

that should be provided in the control
room? Are there improvements that can be
made to typical commercial reactor instru-
mentation to monitor a small break
LOCA?

Are there improvements that can be made
in commercial plant design to improve the
safety of the plant?

Are there data processing techniques and
data display systems which will augment
operator capabilities to diagnose plant
status and respond to off-normal
conditions?



The primary ohjectives of Experiment 1.3-7 are
to impose a breax flow equal to HPIS flow at an
intermediate pressure during the transient, to
¢« tablish conditions conducive to steam generator
reflux cooling, to isolate the break and recover the
plant to cold shutdown, and to analyze the data
obtzined to investigate associated phenomena.

The LOFT integral test facility has been
designed to simulate the major components and
system responses of a commeicial, four-loop
PWR [10060 MW(e)] during a LOCA. The LOFT
facility consists of

1. A rcactor vessel with a nuclear core
(Core 1)

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

3. A broken loop with 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-
tion system consisting of two LPIS pumps,
two HPIS pumps, and two accumulators.

For the performance of Experiment L3-7, the
LOFT system was assembled to represent a

postulated small brcak, equivalent to a
1-in.-diameter rupture, in the cold leg of a com-
mercial PWR and establish conditions conducive
to reflux cooling in the primary side of the steam
generator.

Experiment L3-7 was initiated from PCS ini-
tial conditions of: hot leg temperature,
§76.1 + 0.5 K; cold leg temperature, 556 + 3 K;
hot leg pressure, 14.90 + 0.25 MPa; and intact
loop flow rate, 481.3 + 6.3 kg/s. The pre-
blowdown power level was 49 + 1 MW, with a
maximum linear heat generation rate of
2.8 + 3.7 kW/m. Scaled ECC was directed into
the intact loop cold leg injection line through use
of an accumulator and a HPIS pump.

Steam generator feed and bleed was used to
reduce primary system pressure to the residual
heat removal initiation pressure for typical large
PWRs (232.5 MPa). Purification system recircula-
tion flow simulated a residual heat removal system
during Experiment L3-7.

Experiment L3-7 appeared to satisfy the
specified objectives. This report presents data
from 174 direct measurement devices in the form
of graphs in engineering (standard international)
units. In conjunction with data obtained from
direct measurement, 14 chosen computed vari-
ables are included to facilitate the analysis of the
system thermal-hydraulic behavior.
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EXPERIMENT DATA REPORT FOR
LOFT NUCLEAR SMALL BREAK EXPERIMENT L3-7

1. INTRODUCTION

This report presents data from Experi-
ment L3-7, which was conducted in the Loss-of-
Fluid Test (LOFT) facir.v on June 20, 1980. The
LOFT facility includes a - MW(t) pressurized
water reactor (PWR) wi*., instrumentation to
measure and provi.¢ data on the thermal-
hydraulic conditions throughout the system.
Operation of the LOFT system is typical of a large
[v1000 MW(e)] commercial PWR. Experi-
ment [.3-7 is the third nuclear experiment per-
formed as part of LOFT Small Break Experiment
Series 1.3 and simulated a 1-in.-diameter break in
the cold leg of a four-loop, commercial PWR.

Experiment L.3-7 was planned and supervised
by the LOFT Experimental Program. The LOFT
Experimental Program is one of several water
reactor research experimental programs con-
ducted by EG&G Idaho, Inc., for the U.S.
Nuclear Regulatory Commission and adminis-
tered by the U.S. Department of Energy at the
Idaho National Engineering Laboratory.

The data presented in this report are from 174
of the 588 instruments that prcvided data during
Experiment L3-7. Only the data considered perti-
nent to the understanding of this experiment are
presented. 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.

Section 1.1 of this introduction states the LOFT
Experimental Pregram objectives. Section 1.2
states the Experiment Series L3 objectives. Sec-
tion 1.3 presents the Experiment L3-7 objectives
and briefly describes the experiment conditions
and operation. Section 2 of this report briefly
describes the LOFT system configuration. Sec-
tion 3 discusses the LOFT instrumentation system
and the methods of obtaining certain measure-
ments. Section 4 summarizes Experiment L3-7
initial conditions and experimental procedure.

Section S presents the data with supporting infor-
mation for data interpretation. Appendix A
discusses the methods used to verify the consis-
tency and accuracy of the data. Appendix B con-
tains a complete list of instruments availabie for
use in Experiment L3-7.

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 proc-
esses expected to occur during a LOCA in a PWR.
Reference | describes the LOFT facility in detail.
The specific objectives of the LOFT Experimental
Program are to:

1. 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 engi-
neered safety features (ESF) with particular
emphasis on emergency core cooling sys-
tem (ECCS), and the quantitative margins
of safety inherent in the performance of the
ESF.

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

a. Theterm ‘‘integral’’ is used to describe an experiment com-
bining the nuclear, thermal, hydraulic, and structural processes
occurring during a loss-of-coolant accident (LOCA) as
distinguished from separate effects, nonnuclear, small-scaie,
and thermal-hydraulic experiments conducted for loss-of-
coolant analyses.



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

4. 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 Series L3
Objectives

LOFT Smal. Break Experiment Series L3 was
designed to provide large-scale blowdown system
data for a WR small break transient. Parameters
varied for nuclear Experiment Series L3 include
break size and location, primary coolant pump
operation, and recovery procedures.

The objectives of LOFT Small Break Experi-
ment Series L3 are to provide data for code assess-
ment and development and to assist in answering
the following questions concerning PWR system
responses to small, primary system ruptures:

1. How does the primary coolant system
(PCS) respond during a small break when
the high-pressure injection system (HPIS)
flow is of the same order of magnitude as
the break flow when system pressure
stabilizes later in the transient?

2. Can the secondary coolant system (SCS)
effectively remove heat from the PCS when
the PCS liquid level has dropped low
enough to void the primary side of the
steam generator?

3. What are the effects of turning off the
HPIS injection flow later on in the
transient?

4. How effectively do the major systems, such
as low-pressure injection system (LPIS),
accumulator, HPIS, steam generator, etc.,
perform to prevent core damage? Do any
of these systems appear not to be needed
for this particular break size and/or
location?

5. What kind of recovery procedures should
be used in the event of a small break LOCA

10.

12.

and, ia particular, which recovery heat
transfer mode is most appropriate?

Are there key times in the transient when
operator action is required to protect the
core?

From an analysis point of view, are there
operator/equipment actions that must not
occur?

Given a small break occurrence of
unknown size and location, are there
operator actions that are dependent on the
break unknowns that would aid plant
recovery in one case aiad impede plant
recovery in another case?

Are typical commercial reactor process
instruments capable of providing accurate
information on plant conditions during a
transient? Specifically:

a. Which instruments furnish relevant
data and which do not?

b. Can the operator uwse informs .on
from typical process instruments to
estimate the break size and
location?

¢, Can the instruments be arranged in
the control room in a manner that
would aid in diagnosing and follow-
ing the transient?

Are there any additional measurements
that should be provided in the control
room? Are there improvements that can be
made to typical commercial reactor instru-
mentation to monitor a small break
LOCA?

Are there improvements that can be made
in commercial plant design to improve the
safety of the plant?

Are there data processing techniques and
data display systems which will augment
operator capabilities to diagnose plant
status and respond to off-normal
conditions?




1.3 Experiment L3-7 Objectives
and Brief Description

The primary objectives of Experiment [.3-7 are
to impose a break flow equal to HPIS flow at an
intermediate pressure during the transient, to
establish conditions conducive to steam generator
reflux cooling, to isolate the break and recover the
plant to cold shutdown, and to analyze the data
obtained to investigate associated phenomena.
Experiment L3-7 simulated a small break (1-in.
diameter) in the cold leg of a four-loop, commer-
cial PWR with the break flow approximately
equal to the HPIS flow at a pressure lower than

the HPIS initiation pressure (13.16 + 0.19 MPa)
but greater than the accumulator initiation pres-
sure (4.22 + 0.17 MPa). At the time of experi-
ment initiation, the LOFT reactor was operating
(a) at a maximum linear heat generation rate of
528 + 3.7kW/m and a power of 49 + | MW,
which is about 98% of the LOFT rated power of
S0 MW, and (b) at temperatures and pressure in
the PCS intact loop of 576.1 + 0.5 and
556 + 3 K in the hot and cold legs, respectively,
and 14.90 + 0.25 MPa in the hot leg. The reactor
was operated sufficiently long to establish a decay
heat level at | h into the transient corresponding
to 40 h of full-power operation.



The LOFT facility! has been designed to
simulate the major components and system
responses of a commercial PWR during a LOCA.
I'he experimental assembly comprises five major
subsystems which have been instrumented such
that system variables can be measured and
recorded during a loss-of-coolant experiment
(LOCE). The subsystems include: (a) the reactor
vessel, (b) the intact loop, (c) the broken loop, (d)
the blowdown suppression system, and (e) the
ECCS. The LOFT major components are shown
in Figure 2-1, and the LOFT piping configuration
is shown in Figure 2-2.

The LOFT reactor vessel, which simulates the
reactor vessel of a commercial PWR, has an annu-
lar downcomer, a lower plenum, lower core sup-
port plates, a nuclear core, and an upper plenum.
The downcomer is connected to the cold legs of
the intact and broken loops and contains two
instrument stalks. The upper plenum is connected
to the hot legs of the intact and broken loops. The
core contains 1300 unpressurized nuclear fuel rods
arranged in five square (15 x 15 assembiies) and
four triangular (corner) fuel modules, shown in
Figure 2-3 and described in Reference 2. The
center assembly is highly instrumented. Two of
the corner and one of the square fuel modules 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; sintered pellets with an
average enrichment of 4.0 wt% fissile uranium
(335U) and with a density that is 93% of
theoretical density. Fuel pellet diameter and length
are 9.29 and 15.24 m.a, respectively. Both ends of
the pellets are dished with the total dish volume
equal to 2% of the pellet volume. Cladding
maternial is zircaloy-4. Cladding inside and outside
diameters are 9.48 and 10.72 mm, respectively.

The intact loop simulates the three unbroken
loops of a commercial, four-loop PWR and con-
tains a steam generator, two primary coolant
pumps in parallel, a pressurizer, a venturi
flowmeter, and connecting pipin; .

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-

2. SYSTEM CONFIGURATION

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 to maintain
approximately equal loop temperatures. The hct
leg valves (QOBYV and isolation) remained closed
and the recirculation lines were isolated during the
experiment.

The broken loop hot leg also contains a
simulated steam generator and a simulated pump.
These simulators have hydraulic orifice plate
assemblies that provide passive resistances to flow
that are similar to the flow resistances in an active
steam generator and a pump.

The blowdown suppression svstem is comprised
of the BST header, the BST, the nitrogen pressuri-
zation system, and the BST spray system. The
blowdown header is connected to the suppression
tank downcomers that extend inside the tank and
discharge below the water level. The nitrogen
pressurization system is supplied by the LOFT
inert gas system and uses a remote controlled
pressure regulator to establish and maintain 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. For Experi-
ment L.3-7, the BST spray pump suction was con-
nected to the BST so that no heat was added or
removed from the fluid.

The LOFT ECCS simulates the ECCS of a com-
mercial PWR. The accumulator and the HPIS
were used during Experiment L3-7. Each system
was arranged to inject scaled flow rates of
emergency core coolant (ECC) directly into the
PCS intact loop cold leg. HPIS Pump A and
Accumulator A started injecting ECC at predeter-
mined PCS pressures of 13.16 + 0.19 and
422 + 0.17 MPa, respectively. During plant
recovery, the purification system was used to
simulate the residual heat removal system of a
large commercial PWR.
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3. MEASUREMENTS AND INSTRUMENTATION

The LOFT instrumentation system was
designed to measure and record the important
parameters and events that occur during an
experiment.

Temperatures at all major locations in the
system were obtained from thermocouples and
resistance temperature detectors.

Pressure measurements were obtained with
strain-gage transducers with pressure transmis-
sion lines connecting the transducers to the
measurement points.

Differential pressures were measured by strain-
gage and balanced beam transducers with double
chambers. The transducers were externally located
and connected to the measurement points with
pressure transmission lines.

Flow velocity was measured by three types of
instruments:

1. A pulsed neutron activation (PNA) system
located in the intact loop hot leg computed
velocity by measuring the time required for
an activated slug of coolant to traverse the
distance between the neutron sources and
the detectors, arranged as shown in
Figure 3-1.

2. A transit time flowmeter in the broken loop
cold leg determined velocity using cross
correlation techniques on the time differ-
ence between two fast-response, matched
thermocouples. These thermocouples are
located a given distance apart in the fluid
flow and sense the same loca thermal
disturbance.

3. Turbine flowmeters measured the velocity
directly.

Momentum flux was measured by drag discs.
The data presented for fluid velocity (from the
turbine flowmeters) and momenium flux are
based on the following flow areas at the
instrument locations:

Flow Area
Instrument (mz)
ME-2ST-1 0.14]
FE-SUP-1, ME-1UP-1, ME-3UP-I, 0.125
and ME-SUP-1
FE-PC-2A, -2B, and -2C, and 0.0634

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

Fluid density was measured by gamma den-
sitometers, each of which consists of a source and
several detectors. Three detectors (A, B, and C
shown in Figure 3-2) are aligned with collimated
gamma ray beams passing througin the pipe; the
attenuation of the gamma rays vary inversely with
the density of the fluid in the pipe. Each den-
sitometer also has a detector (D) located so that it
measures background radiation continuously. The
densitometers are nuclear-hardened, have 60Co
sources, and are located in horizontal piping.
Figure 3-2 shows the gamma densitometer
configuration relative to the piping.

Liquid levels were obtained by means of (a) dif-
ferential pressure iiansducers in the pressurizer,
steam generator simulator, accumulator, steam
generator secondary side, pump suction piping,
and BST and (b) liquid detectors which sense the
conductivity of the fluid near each of a series of
electrical contacts in the reactor vessel.

Control rod position was indicated by means of
proximity switches. The circuitry associated with
the proximity switches controls a set of lamps.
Each set of lamps consists of a ‘‘rod bottom™
lamp and four ‘‘rod location’ lamps. The rod
bottom lamp lights only when the control rod is
bottomed. Each rod location lamp lights as the
leadscrew on the control rod passes its switch posi-
tion during withdrawal, and it remains lit
whenever the leadscrew is above this position.

Valve positions (analog indicatior from 0 to
100% of opening) were measured by either
resistance potentiometers or differential
transformers.
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Mechanical pump speed was 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 asym-
metrical slots so that pump speed can be deter-
mined. Electrical pump power was measured by a
wattmeter.

The steady state local linear heat generation rate
was measured by self-powered neutron detectors.
Fach detector consists of a cylindrical 59Co emit-
ter, a layer of aluminum oxide for electrical insu-
lation, and an outer sheath of Inconel. The cable
connected 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 is open ended. The
open-ended wire gives a background subtracticn
s..nal to compensate for the radiation sensitivity
of the cabie.

The steady state linear heat generation rate was
determined from neutron flux measurements
taken with a traversing in-core probe (TIP) ai four
guide tube locations in the core. This instrument
copsists of a 233U fission chamber attached to a
flexible cable and its own data recording system.
The probe was withdrawn and stored outside the
core prior to blowdown initiation.

The data acquisition and visual display system
(DAVDS) was used to record measured data from
the various instrumentation systems on a com-
bination of digital recorders, wide-band frequency
modulation (FM) tape recorders, and oscillogra-
phic recorders.’ Redundant rec wds were made
where use dictated more than one . .oru."g mode
or where an extra measure of ass.o.uce was
desired for critical measurements.

A digital computer was used to collect the
LOCE data in a multiplexed format at the LOFT
facility and to perform equipment calibrations,
posttest data reduction, and plotting.# The
recorded FM data were converted into digital
form and then demultiplexed to be compatible
with the CDC CYBER 176 computer system.

The CDC CYBER 176 computer system was
used to further reduce the data. Calibration fac-
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tors were first applied to produce data plots in
engineering units so that engineering specialists
could examine each channel for discrepancies or
unexpected events. Where possible, instrument
channel outputs and computed variabies were
compared with test predictions, previous tests,
corresponding parameter channels, and calculated
quantities. Instruments were labeled as qualified if
the measurement comparisons were determined to
be within the accuracy of the particular
mstrument.

Most transducers were calibrated under labora-
tory conditions prior to installation in the LOFT
system. Verification of calibration constants was
accomplished by special tests performed during
heatup and by analysis of initial conditions data.
In addition, post-LOCE checks were performed to
pinpoint questionable data and to verify data
consistency. Appendix A discusses the techniques
used to perform data consistency checks.

Figure 3-3 shows a piping schematic indicating
instrument locations. Table 3-1 gives the
nomenclature for LOFT experimental and process
instrumentation. Data from both types of instru-
mentation are included in this report. Thermo-
couples and neutron flux detectors located in the
nuclear core have special identification. Each of
these transducers has been given an identification
number which identifies the type of transducer
and its location within the core as follows:

Transducer location (inches from bottom of

fuel rod)———m™@M8Mm8m —————

Fuel assembly row —

Fuel assembly column — ]' i

Fuel assembly number —————— -«j ‘

Transducer type — "] ‘ ] E {
TE-3B11-28

Figures 3-4 and 3-5 show isometric views of the
major system components with instrument loca-
tions indicated. Figures 3-6 through 3-16 give
more specific locations for instruments located on
individual components. Some of the tempera-
ture instruments shown in the figures were not
cecorded during the experiment. Reference | may
be consulted if additional details of instrument
design and locations are desired.
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TABLE 3~1. NOMENCLATURE FOR LOFT INSTRUMENTATION ’

Designations for the different types of experimental instruments:

AE Accelerometer

DE Densitometer

DIE Displacement element

FE Coolant flow element ’
LE Coolant level element

LEPdE Coolant level element

ME Momentum flux detector

NE Neutron detector

PCP Primary coolant pump

PdE Differential pressure element

PE Pressure element

PNE Pulsed neutron activation system element
RPE Pump speed element

TE Temperature element

TTE Transit time flowmeter element

Designations for the different experimental systems, except the core:

BL Broken loop

LP Lower plenum

PC Primary coolant intact loop

RV Reactor vessel .
SG Steam generator

SGS Steam generator secondary

IST Downcomer Stalk 1

28T Downcomer Stalk 2

SV Suppression tank

up Upper plenum

Designations for the different types of process instruments:

cv Control valve

FE Flow element

FT Flow transmitter

LIT Level indicating transmitter

LT Liquid level transmitter

PdT Differential pressure transmitter
PT Absolute pressure transmitter

RE Radiation element

TE Temperature element

;4 Temperature transmitter

12




TABLE 3-1. (continued)

Designations for the different systems associated with process instruments:

POV& Secondary coolant system

Pi20 Emergency core coolant system

P128 Primary coolant addition and control system
and HPIS

P138 Broken loop and pressure suppression system

P139 Intact loop

Pl&l Primary component cooling system

T-77, T-87 Power range

13
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4. EXPERIMENTAL PROCEDURE AND INITIAL CONDITIONS

This section summarizes the experimental pro-
cedure, initial conditions, and the significant
events recorded during the experiment.

4.1 Experimental Procedure

In preparation for Experiment L3-7, the PCS
was filled and vented and the specified system
water chemistry was established. Prior to the
primary system heatup, several tests were per-
formed on the LOFT system. These tests included
plant requalification tests, QOBYV operation and
seat leakage checks, pump coastdown runs, LOCE
control system checks, and operational verifica-
tion of newly installed instrumentation. Selected
system process instrumentation was calibrated and
an electrical calibration was performed on the
DAVDS.

The PCS pressure was increased and decreased
to plateaus of 1.46, 3.53, 6.98, 10.43, 13.87, and
15.60 MPa at cold plant temperature and zero
flow conditions. The DAVDS recorded 20 s of
data at each pressure plateau to determine the
degree of sensitivity of the pressure sensing instru-
ments. The system was concurrently inspected for
leakage at the various test pressures. The pumps
were operated at 15, 20, 30, 40, 50, and 60 Hz
with 20 s of data taken at each frequency. During
heatup of the plant, the appropriate initial condi-
tions were established for the BST, accumulator,
and BWST.

The plant was stabilized at 422, 489, and S5 K
during heatup. At each of these temperatures, 20
to 30s of data were recorded for calibration
checks and to determine the degree of instrument
temperature sensitivity. At the 489- and 555-K
stabilization points, the pumps were stopped and
20 s of data were recorded during flow coastdown
and zero flow conditions. With the pumps off at
the 555-K stabi’ _ation point, 20 s of data were
obtained at 1495, 13,87, 12.50, 11.12, and
9.74 MPa in both the increasing and decreasing
directions. Frequency tests were performed by
varying the primary coolant pump frequency from
20 to 60 Hz in 10-Hz increments at 555-K. Before
the reactor was brought critical, the DAVDS was
calibrated and the boron concentration in the
accumu'ators, BST, and BWST was verified.

Initial reactor criticality occurred approxi-
mately 148.5 h prior to experiment initiation. Two
scrams occurred in power ascension and operation
prior to the experiment. The power level reached
49 + 1 MW at 17.7 h prior to the experiment and
was maintained at that leve! until blowdown was
initiated.

A plot of the power level versus time for the
148.5-h period prior to blowdown is given in
Figure 4-1. During this time, measurements of
power level were performed using a secondary
calorimetric calculation and the following
specified initial conditions in the PCS were
established: (a) The flow rate was set at
478.8 + 8.8 kg/s, and adjustment of the SCS was
made to maintain the experiment power level.
{b) The PCS boron concentration was adjusted to
establish a reactor vessel inlet temperature of
556.8 + 22K at a hot leg pressure of
14.95 + 0.34 MPa.

Prior to blowdown, a DAVDS calibration and a
data integrity check were performed. During this
period, the initial-condition water samples were
taken from the PCS, the SCS, and the BST. The
intact loop conditions were checked, and adjusted
as necessary, to ensure the specified conditions
discussed above were met at blowdown initiation.
Purification lines were closed, broken loop recir-
culation lines were isolated, and pressurizer and
broken loop hot leg heaters were turned off just
prior to blowdown initiation.

The DAVDS was activated and data recording
was started 7 min prior to the blowdown. The
reactor was scrammed by the reactor shutdown
system at 36.0 + 0.1 s after blowdown initiation.
When the four rod bottom lamps came on, indi-
cating that the control rods were fully inserted, the
primary coolant pumps were manually tripped.
The pumps then coasted down under the influence
of the flywheel system until the field breakers to
the primary system motor generator sets tripped at
56.2 + 0.1 s when the pumps coasted down below
12.5 Hz (750 rpm). The break orifice area
(13.2 mmz) corresponded to the flow area of a
I-in.-diameter break in a commercial PWR. The
sequence of events for the experiment is provided
in Table 4-1. Figure 4-2 shows the decay heat dur-
ing the experiment, which was calculated using the
Amencan Nuclear Society Standard 5.1.5
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ECC injection was directed to the intact loop
cold leg during blowdown. The HPIS flow was
initiated automatically when the PCS pressure had
dropped to 13.16 + 0.19 MPa at 65.6 + 0.1
afrer blowdown mitiation. The HPIS was turned
off at 1808.3 + 0.1 s to hasten the loss of flud
inventory in an attempt to establish the conditions
conducive to reflux flow. The HPIS flow was
reinstated at 59742 + 0.1 s. Accumulator A
injection began 6028 + S s after initiation of the
blowdown when the PCS pressure had dropped to
4.22 + 0.17 MPa and continued to inject water
throughout the remainder of the experiment

Operator actions involving the SCS and the
purification system were used to reduce PCS
pressure and temperature. The SCS auxiliary feed
pump was operated for about 30 min starting at
I min after scram to simulate the automatic initia-
tion of auxiliary feed for a large PWR, and later
during the transient to fill the steam generator
during bleeding operations. The SCS steam bleed
began at 3603 + 1 s The break was isolated
7302.0 + 0.1 s after blowdown initiation. Begin-
ning at 18 180 + 60 s, circulation through the

purification system heat exchanger was used 1o
simulate the residual heat removal system of a
large PWR

The BST pressure was not controlled because
the back pressure was not expected to affect the
blowdown. BST recirculation through the spray
headers was operated at full spray pump capacuty
throughout the transient to ensure homogeneous
temperatures throughout the water volume in the
BST

4.2 Initial Conditions

The specified imitial plant operating conditions
(except for the linear heat generation rate condi-
tions) and tolerance bands for Experiment L3-7
are presented in Table 4-2 along with the values
measured immediately prior to the blowdown imt-
iation. All initial conditions were within specified
tolerances. Tabie 4-3 gives the Ii~ -ar heat genera-
tion rate versus height above the bottom of the
core for three locations within the LOFT core
prior to blowdown imtiation. The data for
Table 4-3 were obtained from the TIP system.




TABLE 4-1. SEQUENCE OF EVENTS FOR EXPERIMENT L3-7

Time after LOCE

Event Initiation (s)
LOCE initiated 0
Reactor scrammed 36.0 + 0.1
Control rods reached bottom 38.1 + 0.1
Primary coolant pumps tripped 39.3 + 0.5
Primary coolant pump coastdown completed 56.2 + 0.1
Core natural circulation first indicated 60.8 + 0.5
HPIS injection initiated 65.6 + 0.1
SCS auxiliary feed initiated 75 + 3
Pressurizer emptied 264 + 7
Upper plenum reached saturation pressure 382 + 6
End of subcooled break flow 1037 + 10
SCS auxiliary initial feed terminated 1800 + 5
HPIS flow terminated 1805.3 + 0.1
SCS steam bleed initiated 3603 + 1
HPIS flow reinstated 5974.2 + 0.1
Accumulator injection initiated 6028 + 5
Break isolated 7302.0 + 0.1
Primary system fluid became subcooled 7915 + 20
Pressurizer refill initiated 8680 + 10
Purification system recirculation initiated 18 180 + 60
Pressurizer refill terminated® 19 900 + 100
Experiment completedb 29 500 + 100

a. The level at which pressurizer refill terminated was 1.4 m.

b. The experiment was finished when the PCS temperature dropped to 366.5 K.
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Figure 4-2. LOFT decay heat following Experiment L3-7 blowdown initiation.

Table 4-4 gives the measured fluid tempera-
tures of the PCS immediately prior to blowdown
initiation.

Table 4-5 specifies the required water chemistry
for the PCS, the BST, and the SCS. In addition,

the results of the water chemistry analyses for
these systems are presented for pre-LOCE condi-
tions and for the BST post-LOCE conditions. The
pre-LOCE Accumulator A boron concentration
was 3405 + 15 ppm.




TABLE 4-2.

INITIAL CONDITIONS FOR EXPERIMENT L3-7

Parameter

Primary Coolant System

Mass flow rate (kg/s)

Hot leg pressure (MPa)
Cold leg temperature (K)
Hot leg temperature (K)
Boron concentration (ppm)

Reactor Vessel

Power level (MW)

Maximum linear heat
generation rate (kW/m)
Control rod position (above

full-in position) (m)

Pressurizer

Steam volume (m3)
Liquid volume (m3)
Water temperature (K)
Pressure (MPa)

Liquid level (m)

Broken Loop

Cold leg temperature near
reactor vessel (K)

Hot leg temperature near
reactor vessel (K)

Steam Generator Secondary Side

Water level (m)€
Water temperature (K)
Pressure (MPa)

Mass flow rate (kg/s)

Accumulator A

Liquid level (m)

Liquid volume (m3)

Gas volume (m3)

Pressure (MPa)
Temperature (K)

Boron concentration (ppm)

Specified value® Measured Valueb
478.8 + 8.8 481.3 + 6.3
14.95 + 0.34 14.90 + 0.25
556.8 + 2.2 556 + 3

- 576.1 + 0.5
As required to 726 + 15
maintain temperature
50 + 1 49 + 1
o 52.8 + 3.7
1.372 + 0.013 1.373 + 0.010
- 0.30 + 0.05
- 0.63 + 0.05
- 615.0 + 0.3
14.95 + 0.34 14.90 + 0.04
1.13 + 0.18 1.10 + 0.02
sa— 557-7 : 2-5
- 561.4 + 2.5
0.25 + 0.05 0.25 + 0.06
— 544.0 + 0.2
S 50576 : 00012
e 28.0 + 0.4
1.85 + 0.05 1.85 + 0.01
-- 2.60 + 0.03
-- 1.19 + 0.03
4.22 + 0.17 4.31 + 0.06
305.4 + 5.6 306.6 + 0.7
>3000 3405 + 1

3




TABLE 4-2, (continued)

Parameter Specified value® Measured Valueb
HPLS
Initial flow rate (L/s) 0.32 +# 0.13 0.32 + 0.02
Initiation pressure (MPa) 13.16 + 0.19 13.35 + 0.24

a. The specified value tolerance is an indicated operating band.
b. The measured value tolerance is the uncertainty in the measurement.

¢. The water level is defined as 0.0 at 2.95 m above the top of the tube
sheet.
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TABLE 4-3. LINEAR HEAT GENERATION RATE PRIOR TO EXPERIMENT L3-7
(Reading Uncertainty + 7.62)

Height above _ore
Botteu (m)

Linear Heat Generation Rate for

Core Position (kW/m)

0.152

0.305

0.406

0.460

0.508

0.559

0.660

0.762

0.838

0.891

0.940

1.067

1.219

1.270

1.303

1.372

1.524

1.626

1.676

1C7

13.04

23.67

26.38

25.09

27.18

29.17

30.32

29.83

27.90

24.55

25. 77

23.60

17.95

15.12

12.98

11.08

+.83

2.38

5H8

23.36

38.56

42.97

40.86

44.27

47.52

48.04

47.26

44.21

39.99

41.40

37.34

28.44

23.95

20.56

17.55

8.74

4.30

1.50

M3

22.90
38.59
43.01
40.90
44.31
47.56
48.71
47.86
44.78
40.03
41.68
37.86
29.46
24.26
20.82
17.78

8.20

4.04

1.39

i3



TABLE 4-4. PRIMARY COOLANT TEMPERATURES AT BLCWDOWN INITIATION

Location Detector Temperature (K)
[ntact loop hot leg (near vessel) TE-PC-002B 577.6 + 0.6
Intact loop steam generator inlet TE-SG-001 577.0 + 0.8
Intact loop steam generator outlet TE-SG-002 560.2 + 0.8
Intact loop cold leg (near vessel) TE-PC-004 559.4 + 0.3

Reactor vessel downcomer:

Instrument Stalk 1 TE-18T-001 56U.1 + 0.7
Instrument Stalk 2 TE-2ST-001 561.5 + 0.8
Reactor vessel lower plenum TE-1LP-001 560.9 + 0.7
Reactor vessel upper plenum TE-1UP-001 586.6 + 0.7
TE-5UP-0G1 588.7 + 1/0
Broken loop hot leg (near vessel) TE-B1.-002B 561.4 + 0.3
Broken loop cold leg (near vessel) TE-BL-001B 557.7 + 0.2
Intact loop pressurizer
(from saturation pressure) PE-PC-004 615.5 + 0.5
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TABLE 4-5. WATER CHEMISTRY RESULTS FOR EXPERIMENT L3-7

Primary Coolant System Blowdown Suppression Tank Secondary Coolant System

Parameter Specified Pre-LOCE” _Specified Pre-LOCE Post-LOCE Specified Pre-LOCE
pH (each at 298 K) 4.2 to 10.5 5.87 4.2 to 10.5 4.70 4.78 9.0 to 10.2 10.12
Conductivity (umho/cm?) 60 maximum 2.63 60 maximum 11.65 10.26 2 maximum® 2.40
(each at 298 K)

Total gas (cm’/kg) 100 maximum  44.2 -~ 21.63 16.2 - -
Dissolved oxygen (ppm) -~ - - - -- 0.05 maximum 0.01
Lithium (ppm) 0.2 to 2.2 - - - - - -
Chloride (ppm) 0.15 maximum <0.1 0.15 maximum <0.1 <0.1 0.15 maximum 0.1
Undissolved solids (ppm) 1.0 maximum <0.5 1.0 maximum <0.5 <0.5 1.0 maximum <0.9
Boron (ppm) - 726 3050 3748 3308 — 0.032
Fluoride (ppm) 0.1 maximum <0.02 0.1 maximum <0.02 <0.02 - --
Hydrogen (cm3/kg)® 10 to 60 18.5 - 1.4 0.0 - -
Total gross activity (uc/mL) 375 maximum 2.08 x 10~2 - -— 0.0 - -
Gross beta and gamma (uc/mL) - 1.39 x 1072 -— - 1.4 x 1073 - --
1311 (ue/mL) 0.37 maximum 0.0 -- - 0.0 9 x 107% maximum 0.0
1351 (ue/mL) 0.76 maximum 0.0 -- -- 0.0 -- -

a. Sample taken upstream of the primary coolant system ion exchanger.

b. Cation conductivity.

¢. Prior to depressurization.




5. DATA PRESENTATION

The data presented in this report include
selected pertinent thermal-hydraulic and nuclear
data from LOFT Experiment L3-7.

Error bands are presented on 21 critical meas-
urements for ease in code comparisons. These
along with the remainder of the uncertainty values
are presented in Tables 5-1, 5-2, and B-1. Experi-
mental Data Reports for future LOFT experi-
ments will present uncertainty values on each plot.

The selected data have been divided into two
categories, ‘‘Qualified”” and ‘‘Failed.” The
qualified designation was applied to measure-
ments that have veen found to be within the uncer-
tuinty of the instrument. The absence of a
comment following the qualified designation indi-
cates that the data are valid (that is, within
specified uncertainty bands) over the entire time
span recorded. Restrictive statements accompan,
data that are invalid over a portion of the recor * !
time span. Instrument channels were not pre-
sented if the data were in the instrument dead
band or showed a similar response to nearby like
instruments (such as the core thermocouples).
These data are available at EG&G Idaho, Inc.,
upon special request. The checks on data con-
sistency and instrument performance are discussed
in detail in Appendix A.

The data were processed and are presented in
graphical form in SI units. Measurements were
combined to produce computed variables, and
graphs of similar variables at several locations
were overlaid to facilitate comparison. The
number of data points shown for each instrument
have been reduced to 2000 for ease of plotting. To
accomplish this reduction, the data were passed
through a low-pass filter and then decimated.

The -0 confidence intervals have been deter-
mined from knowledge of the systematic and ran-
dom errors of the sensors, data system calibration
procedures, and the channel random ncise during
preexperiment calibrations. These are presented as

functions of output level so that the user may
determine the approximate uncertainty over each
range of interest for a given variable.

Table 5-1 lists Experiment L3-7 instrumenta-
tion that provided data presented in this report
and gives the detector location, range, initial con-
dition uncertainty, uncertainty at specific read-
ings, and recording frequency along with the
figure numbers. This table also contains a *‘Com-
ments’’ column which gives information relative
to the usability of the data. A complete list of
LOFT instrumentation available for Experi-
ment L.3-7 is contained in Appendix B.

Table 5-2 lists the varniables that were computed
from the transducer outputs and other factors,
such as geometrical constants. This table also
gives the equations used to compute these
variables, the figure number, and comments
which may reflect on the usefulness of the data.

The data are divided into five major sections
with the individual plots in each section presented
in alphanumeric order to facilitate comparison
and location of desired variables. These data
sections include

1. Experiment L3-7 Measured Variables,
Short-Term Plots (<400 up to 2000 s),
Figures 5S-1 through 5S-81

2. Experiment 1.3-7 Measured Variables,
Medium-Term Plots (0 to 7500 s),
Figures SM-1 through SM-101

3. Experiment L3-7 Measured Variables,
Long-Term Plots (¢ to 150005),
Figures SL-1 through SL-12

4. Experiment L3-7 Computed Variables,
Figures SC-1 through 5C-14

S. Experiment L3-7 Variables with Uncertain-
ties, Figures SU-1 through SU-21.
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TABLE 5-1.

Variable,
System, and
_Detector

VALVE OPENING

Intact Loop

CV-PO0L~00b

CV-P00&-010

CHORDAL DENSITY

Broken Loop

DE-BL-001A

JE-BL-0018

DE-BL~00IC

DE-BL-002A

MEASURED VARIABLES FOR EXPERIMENT L3-7

Main feedvater control
valve.

Main steam control
valve.

Broken loop coid leg at
drag disc turbine trans-
ducer (DTT) flange.

Beam A is 14° 2] mun
from Beam B [CW looking
toward react r vesse!
(rv)].

Broken loop cold leg

at DTT flange. Beam B
through centerline of
pipe 45° from vertical
(CCW looking toward RV).

Broken loop cold leg
at DIT flange. Beam C
is 22° 7 win from
Beam B (CCW looking
toward RV).

Broken loop hot leg

at DTT flange. Beam A
is 149 2] min from
Beam B (COW looking
toward RV).

Initial
Condition
Measurement Recording Uncertainty
Renge ~ Prequamcy® ()
0 to 1002 1 Hz 3.2%
0 to 1002 i Hz 4.ubl
0 to 1.0 Mg/m? 10 Ha -

0 to 1.0 i;/-’ 10 Ha e
0 to 1.0 Mg/m’ 10 Hz --
0 to 1.0 Mg/m? 10 Kz -

. .
After Experiment lnitistion
Uncertainty Figure
Reading (2) Numbe r Comment s
0z .oz ™ Qualified.
52 3. 102
50% 3.472
100% 4.612
oz 3.0z -2 Qualified.
252 3.132
so2 3.472
1002 4.612
- 0.068 Mg/m3° 55-3 Qualified after
5M-3 TeACTOTr scram.
- 0.076 Mg/n’ 58-4 Qualified after
M-4 reactor scram.
Su-2
- 0.11 N‘/-’ 58-5 Qualified after
SM-5 reactor scrams.
- 0.12 Mg/m’ 55-6 Qualified aiter
SM-6 reactor scram.
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TABLE 5-1.

Variable,
System, and
Detector
FLUID VELOCITY
(continaeed)

Reactor Vessel

VE-50P-001

FLOW RATE
Intact Loop

FT-P004-012

Snevgency Cors
Cooling System

FI-P120-085

PT-P128-104

Iatact Loop

FT-P139-27~1

FT-P139-27-2

FT-P139-27-3

Prismgey Cos-

soling

Systen

FT-Pi4al-022

(continued)

Above upper end box of
Fuel Assembly 5.

Inlet to sir-cooled
condenser inlet header.

Low-pressure injection
system (LPIS) Pump A in
4-1n. line between heat
exchanger and orifice.

High-pressure injection
system (HPLS) Pump A
discharge.

Intact loop hot leg
venturi flowmeter
[right side facing
steam generator (8C)].

Intact loop hot leg
venturi flowmeter
(bottom of pipe).

Intact loop hot leg
venturi flowmeter
(left side facing SCG).

Primary component
cooling system.

0

0

Initiel

Condition

Measurement Recording Uncertainty
—Renge =~ Vrequescy? ()
3 to .0 m/s | Hz 0.23 w/s
to 40 kg/w I Mz 0.8 kg/s
to 25.2 u/e I Bz 2.5 L/»
to 1.89 L/s 1 Hz 0.02 L/s
to 630.0 kg/s 1 He 17 kg/s
to 630.0 kg/s 1 Hz 17 kg/s
to 630.0 kg/s 1 Ha 17 g/
to 22 L/s 10 Hz G.11 L/s

After Experiment Initiation

Uncertainty Figure
_Reading o 45 Number® Comment s
1 a/s 0.06 /s 5-14 Qualified, zero
5 a/s 0.28 m/s M- 14 offser beyond
10 m/s 0.56 n/s 7500 s due to
electronics.

- 0.8 kg/s M-15 Qualified.

- 2.5 L/s SM-16 Qualified.

- 0.02 L/s M-17 Qualified,

Su-6

- 17 kg/s 58-15 Qualified, good for
initial conditions
only.

pous 17 kg/s 8- Qualified, good for
initial conditions
only.

- 17 kg/s 58-17 Qualified, good for
initial conditions
only.

-- 0.11 L/s SL-1 Qualified.
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TABLE 5-1.

Variabie,
System, and

. Destector
LIQUID LEVEL
(continued )

8lowdown Sup-

LT-P138-058

lotact f.oop

LT-P139-007

MOMENTUM FLUX

Intact leop

ME-PC-007B

ME-PC-002C

Reactor Vessel

ME-1ST-001

ME-S5UP-001
DIFFERENTIAL
PRESSURE

Broken Loop

PAE-BL-002

intact Loop

PAE-PC-001

(continued)

BST level on south
end of tank.

Pressurizer level on
southwest side

Hot leg DTT flange
at middle of pipe.

Hot leg DIT flange
at top of pipe.

Downcomer Stalk 1,
1.16 = above RV
bottom.

Fuel assembly 5 above
upper end box.

Broken loop cold leg
across small break
orifice.

nta~t loop cold leg
across primary coolant
pumps (PCPs ).

Tu.tial
Condition

Measurement Recording Uncertainty
__Range  Frequency! (%)
.
Qto J4m | Hz 0.09 =
Qto l.9m i Hz 0.0 m
1.0 to 21.0 H;:--lz | He 0.20 Mg/m-»
1.0 to 21.0 Mg/m-s? I Wz 0.20 Mg/m-s
0.3 to 5.2 Mg/m.a? | He 0.78 Mg/n »
0.3 to 5.2 Mg/m-s? 1 Haz 0.78 Mg/m: s
#17.5 MPa I Mz 0.025 MPa
(differential)
+700 kPa I Wz 1.8 kPa

Tdifferential)

After Experiment Initiation

Uncertainty

_Reading I 4 2
- 0.9 m
0.04 »
2 2
1.0 !./l-l' 0.20 Mg/m-»
11.0 Mg/m-s? 0. .82
21.0 Mg/m.s* 0. .al
1.0 H(".~sz 0.
11.0 Mg/m.s? 0.
21.0 Mg/m.s? 0.

-- 0.78 Mg/m-s?
- 0.78 N‘/.‘l"
0 MPa 0.025 MPa
5 MPa 0.026 MPa
10 MPa 0.028 MPa
15 MPa 0.032 MPa
0 kPa 1.7 wPa
350 kPa 1.7 wPa
700 kPa 1.9 kPa

Figure

mﬁ-h'e_'r_b

98-2)

5§-16

58-28
5M-28
SL-3%

58-29
SuU-13

_Comments

Qualified.

Qualified, maxisun
BmeAsurement range
is 1.8 m.

Qualified,

Qualified.

Qualified.

Qualified.

Qualified.

Qualified.
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TABLE 5-1. (continued)
Initiel After Experiment Initiation
variable, Condition
System, and Measurement Recording Jncertainty Uncertainty Figure
_Detect - _Location _Gange  Prequemcy® () Besding A=) Mumber®  Cowments
TEMPERATURE
(contiaued)
Resctor Vessel
Lwed )
TE-1P7-020 Fuel Assembly 1, Row F, 422 teo 1533 K I Ha J.1 K 50 K 2.8k 58-56 Qualified.
Column 7, 0.660 a s00 X 3.2
sbove bottom of fuel 800 K AT K
rod. 1000 X 6.2 K
TE- Fuel Assembly I, Row F, 422 to 1533 K I M2 L I 45 x 1.8 K 55-5%6 Qualified.
Column 7, 0.762 & 600 X 3.1k 67
above bottow of fuel 800 X T K
rod, 1000 K 1K
TE-ILP-001 Fuel Assembly | lower Ml to 977.4 K I He 2.7k 350 & 2.5k 5§-57 Qualified.
end box. 450 X 1.6 K SM-68
550 & 2.6 K
650 K 3.3 K
TE- IST-00! Downcomer Stalk 1, 253.2 to 977 .4 K | Mz 2.7 kK 350 K 2.5k 55-58 Qualified.
4.8 & from RY bottom. 450 1.6 K M-69
550 K 2.7k
650 X .3k
TE-18ST-002 Downcomer Stalk 1, 253.2 to 977.4 K 1 He .7% 3150 K 2.5k SM-69 Qualified.
4.2 m from RV bottom. 450 K 1.6 K
550 K 2.7k
550 K 3.3k
TE-IST-005 Downcomer Stalk |, 253.2 to 9774 K I Wz 2.1k 350 K 2.5x M-6% Qualified.
2.37 m from RV bottom. 450 K 2.6 K
550 x .7 K
850 K 3.3 K
TE-18T-009 Downcomer Stalk 1, 253.2 to 9774 K I Mz 1.7 K 350 K 2.5k M-70 Qualified,
0.64 m from RV bottom. 450 K 2.6 K
550 ¥ 2.7 x
650 K 3.3k
TE-IST-013 Downcomer Stalk |, 253.2 to 9774 K 1 Mz 2.7 K 3150 K 2.5 % SM-70 Qualified.
0.24 m from RV bottowm. 45 x .6 K
550 K 2.7k
450 X 3.3k
TE- 1UP-001 Fuel Assembly | upper 3 to 9.4 K | Wz 1.9k 350 x 2.5k 58-59 Qualified.
end box. 450 x 2.6 K ™-71
550 x 2.6 K
650 K 3.3 K
TE-2G14-011 Cladding on Fuel 422 to 1533 K I Mz 3.2k 450 x 2.8 55-60 Qualified.
Assembly 2, Row G, 500 K 3.2k ™-72
Column 14 at 0.28 m 800 K 4.7K
above bottom of fuel 1000 ¥ 6.2 K

rod.
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TABLE 5-1. (continued)

Enitisl Afvas Supecsment
Variabie, Condition
System, and Measuremen® Recording Uncertainty
Detector — 1] _ mange  Pvequency® () __ Resding
TEMPERATURE
cont inued )
Reactor Vessel
:cgnilnw_.'
TE-XCi11-03 Cledding on Fuel 422 to 1533 K 1 Nz 31K 450 K 2.8 K S5-64 Qualified.
Assembly 3, Row C, 600 K 3.2k ™-78
Coluwn 1l at .99 = 800 X 5.7K
above bottom of fuel 1000 K 6.2 K
rod.
TE - 3LP-001 Fuel Assembly J lower 311 to 977.4 K 1 Wz 2.6 K 350 K 2.5k S8-65 Qualified.
end box. 450 X 2.6 K ™-79
550 K 1.5k
550 K 1.3k
TE-3UP-001 Fuel Assembly 3 upper 31 to 9774 K | Rz 2.9k 350 K 2.5k 55-66 Qualified.
end box. 450 X 2.6 K
550 K 2.6 K
650 K 3.3k
TE-JUP-002 Fuel Assembly 3 upper il to 977.4 K 1 He 2.9k 350 ¥ 1.5k SM-80 Qualified.
end box. 450 X 2.6 K
550 X 2.6 K
850 K 3.3k
TE- 3UP-003 Fuel Assembly 3 31 to 977.4 K i Hz 2.8k 150 K 2.5 8 58-66 Qualified.
support coliumn sbove 450 K 2.6 K
RY nozzle. 550 ¥ 2.6 K
650 K 3.3k
TE-WUP-004 Fuel Assembly J 31l to 977.4 K I Mz 2.8k 350 K 2.5k 58-66 Quatified.
support column above 450 ¥ 2.6 K
RV nozzle, 350 K 2.6 K
650 X 3.3 K
TE- 3UP-006 Support column. 3il to 977.64 K I Wz 2.8K 350 X 2.5k 58-67 Qualified.
450 K 2.6 K SM-81
550 X 2.6 K
650 K 3.3k
TE- WP-008 Liquid level transducer 3l to 9774 K | Ha 2.8k 350 K .5k 55-68 Qualified.
above Fuel Assembly 3. 450 .6 K Sm-82
550 K 2.6 K
650 K 3.3 K
TE-WP-010 Ligquid level transducer 311 to 977.4 K 1 Mz .8k 350 K 2.5k 55-69 Qualified.
sbove Fuel Asacsbly 3. 450 K 2.6 K
550 x 2.8 K
650 X 3.3k
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TABLE 5-1.

Variable,
Systes, and
Detector

TEMPERATURE

»al i nued )

Reactor Vesse!l

| cont L nued )

TE -

TE-

TE-

™ -

506-039

SE8-015

S5E8-034.1

~SE8-069

%9-011

SF9-030

SF9-045

SF9-062

(continued)

Locat ion

ladding m Fuel
Assembly 5, Row D,
Column 6 at 0.9 =
above bottom of fuel
rod.

Cladding on Fuel
Assembly 5, Row E,
Column § at 0.8 =
above bottom of fuel
rod.

Cleadding on Fuel
Assembly 5, Row E,
Column & at O.of ®
above bottom of fuel
vod

Cladding on Fuel
Assembly 5, Row E,
Column 8 at .24 m
above bottom of fuel
red.

Cladding on Fuel
Assembly 5, Row F,
Column 9 ac 0.28 »
above bottow of fuel
rod.

Cladding on Fuel
Assembly 5, Row F,
Column 9 at 0.76 m
above bottom of fuel
rod.

Cladding on Fuel
Assembly 5, Row F,
Column 9 at .14 m
abrve bottom of fuel
rod.

Cladding on Fuel
Assenbly 5, Row F,
Coivmn 9 at 1.5 m
above bottom of fuel
rod.

Measurement

420 to

422 to

&
[
"
-
<

Range

1810 X

1810 K

1533 K

1533 K

1810 X

i3 x

153 x

Recording
Frequency®

initial

ondition

certainty
(.

- .

450
500

1000
45
600

1000
450
600

1060
as5a
600

1000
450

#00
800

50
$00
800
1000

&50
600
1000
450
600

1000

LB BB momomom LB momm o -omomo= LR B LR

mm R o=

Unce

"

.

LR P v P w & w

LR

S w LR
NuNe
LR B

>r N

PN

x
- o om

~ N

-
LB B

NN
o omom

NN NN
LB B}

A=

NN ®
mmom o

After Experiment Initiation

Figure

Numbec®

58-12

-1
SL-11

58-72

8-713
SM-89

58-73
Su-89

5§-73
M-89
Su-18

58-73
M-89

Qualified.

Qualified.

Qualified.

Jualifired,

Qualified.

Qualified.

Qualified,

Qualified.
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TABLE 5-2.

Variable, Location,
and Detector

DENSITY, AVERAGE

Broken Loop Cold Leg

DE-BL-1A (95) )
DE~BL-18 (Py) ; DE-BL-105
DE-BL-1C ‘Pc"

DE-PC-2A (Py)
DE-PC-2B (Py) ) DE-PC-215
DE-PC-2C (Pg)

Units

Uncertainty

+0.076

+0.10

Except where the density distribution

COMPUTED VARIABLES FOR EXPERIMENT L3-7

Calculation Method

reduces to an average directly, the

following method is used to determine

the average density:

i.

A calculated density profile is
determined from an assumed dis~
tribution which has been "fit"
to each beam measurement .,

These are o timized as shown
below.

The least squares curve fits
are compared to determine
the optimum assumed density
profile "o fit the data.

The best profile is area
averaged to give average

density by
0= 1/A IU(IMA

cross-sectional area
of the pipe

plr) = chordal profile.

The assumed protiles are a3z
follows:

lx|ur¢

9

5C~13
SC~7
SU~19

Communt s

The individual beam densities
were averaged over l-s inter-~
vals to reduce the sample rate
from B0 samples per second
prior to being used in the
average calculation,

Qualified after reactor scram.

Qualified after reactor scram.

Qualified after reactor scram.
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TABLE 5-2. (continued)

Variable, Location,
and Detector

Units Uncertainty Calculation Method Figure

DENSITY, AVERAGE (continued)

Mg/m3 1. For homogeneous flow, the
average results directly in

_ (e, #p_ + 0.)
(o] B e ec————

where D,, Og, and Pp, =
density along gamma densitometer
beam lines A, B, and C.

2. For tilted stratified flow,

P, -
- 5
L 1+ exp [Fha(x-50]

p(r) = @
where

aand b = two adjustable
parameters

og andf; = gas and liquid
densities

Xx = position in maximum
density gradient
direction.

3. For annular distribution,

pc for r < R-D

() Dg for r > R-D
where O, and D are two
ad justable parameters.

4. Eccentric annular is the same
as annular, except that the
core region may be vertically
displaced from the pipe center.

Comment s




TABLE 5-2. (continued)

Variable, Location,
and Detector Units Uncertainty

Calculation Method Figure

DENSITY, AVERAGE (continued) Mg/m’

FLUID VELOCITY m/s

Intact Loop Hot Leg

PNE-PC-2 +20% of
reading

LIQUID LEVEL m

Downcomer and Lower Plenum

LE~1ST~-1 b

5. For default calculation if the
above distributions do not
represent the data, the density
is calculated by a beam length
weighted average of the chordal
average density readings 0Oj:

B = 0.34485 Py + 0.40034 Py

+ 0.25481 Pg.

The output from the detector is 5C-4
algebraically summed to give one plot 5C-13
of counts versus time for each puls- 5uU-21

ing of the neutron sources. A peak
appears in the downstream detector's
output, and its location (which cor-
responds to the time after the source
pulsing) is determined. The distance
between the sources and detector

(see Figure 3-1) is divided by this
time, giving the fluid velocity.

The liquid distribution was
interpreted from the voltage out-
put of the conductivity probes
using the following criteria:

1. A response time of 550 ms
during dryout was assumed.
5C-10¢

Comments

Qualified; discrete values
qualified, not continuous
data.

Qualified.




TABLE 5-2. (continued)

Variable, Location,

and Detector Units

Uncertainty

Calculation Method Comments

Figure

LIQUID LEVEL (continued) m

Upper Plenum
LE-3UP-1 b

Core

LE-1F10 b
LE-3F10

19

MASS FLOW RATE kg/s +10%
of reading

Broken Loop Cold Leg

FR-BL~-111

2. The void fraction is assumed to
vary linearly with the voltage.
The maximum voltage measured
during the test from each
probe is an indication of
100X void.

5C-12¢ Qualified.

3. When there is a change in phase
from water to steam, an X is
indicated for void fractions
less than 152 with the space
left blank for void fractions
greater than 15%. When there
is a change in phase from steam
to water, an X is indicated for
void fractions less than 852
with the space left blank for
void fractions greater than 85X.

Qualified.
Qualified.

Engineering judgment was required at
times on each conductivity probe in
order to best satisfy the preceding
criteria.

Caution should be exercised in
applying the in-core liquid level
data to the core as a whole
because the in-core liquid level
stings are located at ":cold spots"
(that is, along guide tubes rather
than fuel rods) in the core.

The first 25 s of the mass flow rate
was obtained by subtracting changes
in mass inventory in the PCS due to
density changes from the mass flow
rate out of the pressurizer. Data
were unavailable between 25 and

75 s. Linear interpolation was

used to approximate the mass flow
during this interval.

5C-1
Su-1

Qualified to 1800 s.



TABLE 5-2. (continued)

Variable, Location,

and Detectors Units Uncertainty

Calculation Method Figure Comment s

MASS FLOW RATE (continued)

Secondary Coolant System

ro

FR-P004~-107 0.

79

FLUID SUBCOOLING K

Upper Plenum
SC-5UP-102 +3.4

The remainder of the mass flow rate
is based on the BST level. The
integrated level change was
multiplied by the fluid density

to yield an integrated mass increase
in the tank., These data were then
differentiated to give a mass flow
rate.

The SCS mass flow rate was calcu- 5C-8
lated using the equation:

Qualified; negative values
should read zero, but are

- within measurement uncer-

a= VAP (5.777) (1.007) tainty.

where AP is in kPa and is taken from
FT-P004-072A, (5.777) is a conversion
factor derived from industrial
information, and (1.007) is the venturi
flow multiplier.

The subcooling is defined as T, ,.-T.
The saturation temperature is cal-
culated from the pressure reading of
PE-1UP-00IAl using “he following
curve fits of stean table data: 5C-5 Qualified.
for P < 1.4 MPa,
Tgat = 348.225 - 290.13p
+ 399.543p2 + 298.73007
- 84.196p%

for 1.4 MPa < P < 12 MPa,

Tear = 419.024 + 42.6705P
- 5.63957pP2 + 0.433108p3
- 0.0130329p%




£9

TABLE 5-2. (continued)

Variable, Location,
__and Detectcr Units Uncertainty Calculation Method

Figure Comment ¢

for P > 12 MPa,

Tgar = 508.252 + B8.84806P

- 0.114572p2,
The measured temperature is an

average of TE-5UP-1 througua
TE-5UP-8.

2. Reference 8.

b. The uncertainty in each conductivity probe for (a) LE-1ST-1 is +4.5% of range
+2.9% of range. All conductivity probes have a response time of 340 ms.

¢. Uneven intervals on the Y-axis are due to failed instruments.

and (b) LE-IF10, LE-3F10, and LE-3UP-1 is
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Figure 5M-73 Coolant temperaturs in reactor vessel Downcomer Stalk 2 »t
48 m from ~eactcr vessel bottom (TE-2ST-001) (qualified).

e Sy - e s o 2 e o s vy
- TE-2ST-005 6

330 ! -
x
& su0
—
< i
“ &
§ s :
(V] T
—
-
Z s
: H |

30

300

[ 100 3000 4300 $000 7500
TIME AFTER RUPTURE (s)
Pigure 5M-76. mohnl temperature in reactor vessel Downcomer Stalk 2 at ‘
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Pigure 5M-78. Coolant tem ture in reactor vessel at lower end box of Puel
Assembly 3 ~3LP-001) (qualified).
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Figure SM-80 Coolant tem ture in reactor vessel at upper end box of Fuel
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