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ABSTRACT

Uninterpreted experimental da:a from the third primary coolant system cold leg. This report
nuclear small break loss-of-coolant experiment presents data from 174 direct measurement
(Experiment L3-7) conducted in the Loss-of-Fluid devices and 14 computed variables in the form of
Test facility are presented. Experiment L3-7 graphs in engineering units to facilitate the
simulated a small break (equivalent to a 1-in.- analysis of the system thermal-hydraulic behavior,
diameter rupture in a commercial plant) in the
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SUMMARY

This report presents experimental data from the of-coolant accident (LOCA) and, in par-
third nuclear small break loss-of-coolant experi- ticular, which recovery heat transfer mode

.

'. ment (Experiment L3-7) conducted in the Loss-of- is most appropriate?{
! Fluid Test (LOFT) facility. The data are in an
I uninterpreted but readily usable form for use by 6. Are there key times in the transient when
j the nuclear community in advance of detailed operator action is required to protect the
! analysis and interpretation. Experiment L3-7 was core?o

performed on June 20,1980, as part of the LOFT
; Experimental Program conducted by EG&G 7. From an analysis point of view, are there

Idaho, Inc., for the U.S. Nuclear Regulatory operator / equipment actions that must not
Commission. This experiment is part of the LOFT occur?

; Small Break Experiment Series L3 which was
designed to provide data for investigating the 8. Given a small break occurrence of

,

therma!-hydraulic response of the LOFT reactor unknown size and location, are there

; system to small primary coolant system ruptures. operator actions that are dependent on the
Experiment L3-7 was conducted at 491 1 MW break unknowns that would aid plant'

(yielding a maximum linear heat generation rate of recovery in one case and impede plant
3 52.8 i 3.7 kW/m). The objectives of LOFT recovery in another case?

Small Break Experiment Series L3 are to provide
data for code assessment and development and to 9. Are typical commercial reactor process
assist in answering the following questions instruments capable of providing accurate
concerning pressurized water reactor (PWR) information on plant conditions during a

i system responses to small, primary system transient? Specifically:
ruptures:

O a. Which instruments furnish relevant;

j \Q data and which do not?

] 1. How does the primary coolant system
(PCS) respond during a small break when b. Can the operator use information
the high-pressure injection system (HPIS) from typical process instruments toI

flow is of the same order of magnitude as estimate the break size and
the break flow when system pressure location?
stabilizes later in the transient?

c. Can the instruments be arranged in

2. Can the secondary coolant system (SCS) the control room in a manner that
effectively remove heat from the PCS when would aid in diagnosing and follow-
the PCS liquid level has dropped low. ing the transient?
enough to void the primary side of the
steam generator? 10. Are there any additional measurements

that should be provided in the control<

3. What are the effects of turning off the room? Are there improvements that can be'

HPIS injection flow later on in the made to typical commercial reactor instru-'

| transient? mentation to monitor a small break
LOCA?

| 4. How effectively do the major systems, such*

; as low-pressure injection system (LPIS), 11. Are there improvements that can be made

; accumulator, HPIS, steam generator, etc., in commercial plant design to improve the

.

perform to prevent core damage? Do any safety of the plant?
]' d of these systems appear not to be needed

for this particular break size and/or 12. Are there data processing techniques and
,

location? data display systems which will augment
4

operator capabilities to diagnose plant
;
'

5. What kind of recovery procedures should status and respond to off-normal
,

j be used in the event of a small break loss- conditions?

4
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The primary objectives of Experiment L3-7 are postulated small brcak, equivalent to a
to impose a brean now equal to IIPIS flow at an I-in.-diameter rupture, in the cold leg of a com-
intermediate pressure during the transient, to mercial PWR and establish conditions conducive
Nablish conditions conducive to steam generator to redux cooling in the primary side of the steam
redux cooling, to isolate the break and recover the generator. ,

plant to cold shutdown, and to analyze the data '

obtained to investigate associated phenomena.
Experiment L3-7 was initiated from PCS ini-

The LOFT integral test facility has been tial conditions of: hot leg temperature,

designed to simulate the major components and 576.110.5 K; cold leg temperature,556 3 K; *

system responses of a comme cial, four-loop hot leg pressure, 14.90 1 0.25 MPa; and intact
PWR [%I000 MW(e)) during a LOCA. The LOFT loop Dow rate, 481.3 6.3 kg/s. The pre-
facility consists of blowdown power level was 49 1 MW, with a

maximum linear heat generation rate of

1. A reactor vessel with a nuclear core 52.8 i 3.7 kW/m. Scaled ECC was directed into
(Core 1) the intact loop cold leg injection line through use

of an accumulator and a HPIS pump.
2. An intact loop with active steam generator,

pressurizer, and two primary coolant
pumps connected in parallel Steam generator feed and bleed was used to

reduce primary system pressure to the residual
3. A broken loop with simulated pump, heat removal initiation pressure for typical large

simulated steam generator, and two quick- PWRs (42.5 MPa). Purification system recircula-
opening blowdown valve assemblies tion now simulated a residual heat removal system

during Experiment L3-7.
4. A blowdown suppression system consisting

of a header, suppression tank, and a spray ;

system Experiment L3-7 appeared to satisfy the
specified objectives. This report presents data

5. An emergency core coolant (ECC) injec- from 174 direct measurement devices in the form
tion system consisting of two LPIS pumps, of graphs in engineering (standard international)
two llPIS pumps, and two accumulators. units. In conjunction with data obtained from

direct measurement, 14 chosen computed vari-
For the performance of Experiment L3-7, the ables are included to facilitate the analysis of the

LOFT system was assembled to represent a system thermal-hydraulic behavior.
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n EXPERIMENT DATA REPORT FOR
V LOFT NUCLEAR SMALL BREAK EXPERIMENT L3-7
a

1. INTRODUCTION

This report presents data from Experi- Section 5 presents the data with supporting infor-
ment L3-7, which was conducted in the Loss-of- mation for data interpretation. Appendix A*

Fluid Test (LOFT) facii0.v on June 20,1980. The discusses the methods used to verify the consis-
LOFT facility includes a .3 MW(t) pressurized tency and accuracy of the data. Appendix B con-
water reactor (PWR) wi' instrumentation to tains a complete list of instruments available for
measure and provii.e data on the thermal- use in Experiment L3-7.
hydraulic conditions throughout the system.
Operation of the LOFT system is typical of a large
[s1000 MW(e)] commercial PWR. Experi- 1.1 LOFT Experimental
ment L3-7 is the third nuclear experiment per-
formed as part of LOFT Small Break Experiment Program Obj.ect.ives
Series L3 and simulated a 1-in.-diameter break in
the cold leg of a four-loop, commercial PWR,

The LOFT integrala test facility was designed to
Experiment L3-7 was planned and supervised simulate the major components of a four-loop,

by the LOFT Experimental Program. The LOFT commercial PWR, thereby producing data on the
Experimental Program is one of several water thermal, hydraulic, nuclear, and structural proc-
reactor research experimental programs con- esses expected to occur during a LOCA in a PWR.

(] ducted by EG&G Idaho, Inc., for the U.S. Reference I describes the LOFT facility in detail.

( Nuc! car Regulatory Commission and adminis- The specific objectives of the LOFT Experimental
\ tered by the U.S. Department of Energy at the Program are to:

Idaho National Engineering Laboratory.
1. Provide data required to evaluate the ade-

The data presented in this report are from 174 quacy of and to improve the analytical
of the 588 instruments that prcvided data during methods currently used to predict the
Experiment L3-7. Only the data considered perti- response of large PWRs to postulated acci-
nent to the understanding of this experiment are dent conditions, the performance of engi-
presented. The data are in an uninterpreted but neered safety features (ESF) with particular

| readily usable form for use by the nuclear com- emphasis on emergency core cooling sys-
munity in advance of detailed analysis and inter- tem (ECCS), and the quantitative margins'

pretation. The data, in the form of graphs in of safety inherent in the performance of the
engineering units, have been analyzed only to the ESF.

extent necessary to ensure that they are reasonable
i and consistent. 2. Identify and investigate any unexpected

event (s) or threshold (s) in the respon,e of'

Section 1.1 of this introduction states the LOFT either the plant or the ESF and develop
i

Experimental Program objectives. Section _1.2 analytical techniques that adequately'

states the Experiment Series L3 objectives. Sec- describe and account for the unexpecteda
tion 1.3 presents the Experiment L3-7 objectives behavior (s).
and briefly describes the experiment conditions
and operation. Section 2 of this report briefly

? describes the LOFT system configuration. Sec- a. The term " integral"is used to describe an experiment com.
s

bining the nuclear, thermal. hydraulic. and structural processes~
tion 3 discusses the LOFT instrumentation system

ccuning dunns a bud-coolant accuent u m as
and the methods of obtaining certain measure-

n ,
distinguished from separate effects, nonnuclear. small-scale.

j i ments. Section 4 summarizes Experiment L3-7 and thermal-hydraulic experiments conducted for loss-of.
! initial conditions and experimental procedure. coolant analyses.
\

1

|
_ _ - -
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3. Evaluate and develop methods to prepare, and, la particular, which recovery heat |
operate, and recover systems and plant for transfer mode is most appropriate? i
and from reactor accident conditions. |

6. Are there key times in the transient when I

4. Identify and investigate methods by which operator action is required to protect the |
'

reactor safety can be enhanced, with core? !

cmphasis on the interaction of the operator
with the plant. 7. From an analysis point of view, are there

operator / equipment actions that must not .

1.2 Experiment Series L3 occur?

Objectives
8. Given a small break occurrence of

unknown size and location, are thereLOFT Small Break Experiment Series L3 was
operator actions that are dependent on thedesigned to provide large-scale blowdown system
break unknowns that would aid plantdata for a ?WR small break transient. Parameters

varied for nuclear Experiment Series L3 include ''C V''Y .in one case and impede plant
rec very in another case?break size and location, primary coolant pump

operation, and recovery procedures.
9. Are typical commercial reactor process

The objectives of LOFT Small Break Experi- jnstruments capable of providing accurate
ment Series L3 are to provide data for code assess- mformation on plant conditions during a

_

ment and development and to assist in answering transient? Specifically:

the following questions concerning PWR system
a. Which instruments furnish relevantresponses to small, primary system ruptures:

data and which do not?
1. How does the primary coolant system

(PCS) respond during a small break when b. Can the operator use informt son
the high-pressure injection system (HPIS) from typical process instruments to
flow is of the same order of magnitude as estimate the break size and
the break flow when system pressure location?
stabilizes later in the transient?

c. Can the instruments be arranged in
2. Can the secondary coolant system (SCS) the control room in a manner that

effectively remove heat from the PCS when would aid in diagnosing and follow-
the PCS liquid level has dropped low ing the transient?
enough to void the primary side of the
steam generator? 10. Are there any additional measurements

that should be provided in the control
3. What are the effects of turning off the room? Are there improvements that can be

HPIS injection flow later on in the made to typical commercial reactor instru-
transient? mentation to monitor a small break

LOCA?
4. How effectively do the major systems, such

as low-pressure injection system (LPIS), 11. Are there improvements that can be made
accumulator, HPIS, steam generator, etc., in commercial plant design to improve the ,

perform to prevent core damage? Do any safety of the plant?
of these systems appear not to be needed
for this particular break size and/or 12. Are there data processing techniques and
location? data display systems which will augment

operator capabilities to diagnose plant -

5. What kind of recovery procedures should status and respond to off-normal

be used in the event of a small break LOCA conditions?

2
_
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| e 1.3 Experiment L3-7 Objectives the HPIS initiation pressure (13.16 i 0.19 MPa)
and Brief Description but greater than the accumulator initiation pres-

sure (4.2210.17 MPa). At the time of experi-
,

; ment initiation, the LOFT reactor was operating
'

The primary objectives of Experiment L3-7 are (a) at a maximum linear heat generation rate of.

to impose a break flow equal to HPIS flow at an 52.8 3.7 kW/m and a power of 491 1 MW,
; intermediate pressure during the transient, to which is about 98% of the LOFT rated power of

establish conditions conducive to steam generator 50 MW, and (b) at temperatures and pressure inI reflux cooling, to isolate the break and recover the the PCS intact loop of 576.1 10.5 and*"

plant to cold shutdown, and to analyze the data 55613 K in the hot and cold legs, respectively,
obtained to investigate associated phenomena, and 14.9010.25 MPa in the hot leg. The reactor
Experiment L3-7 simulated a small break (1-in. was operated sufficiently long to establish a decay
diameter) in the cold leg of a four-loop, commer- heat level at I h into the transient corresponding
cial PWR with the break flow approximately to 40 h of full-power operation.
equal to the HPIS flow at a pressure lower than

!

!

!
%

,

!
,

(
|
|

O>

|

4,

'
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2. SYSTEM CONFIGURATION

O
The LOFT facilityl has been designed to opening blowdown valve (QOBV), a recirculation

simulate the major components and system line, an isolation valve, and connecting piping.
'

responses of a commercial PWR during a LOCA. The recirculation lines establish a small flow from
The experimental assembly coinprises five major the broken loop to the intact loop to maintain
subsystems which have been instrumented such approximately equal loop temperatures. The het
that system variables can be measured and leg valves (QOBV and isolation) remained closed
recorded during a loss-of-coolant experiment and the recirculation lines were isolated during the .

(LOCE). The subsystems include: (a) the reactor experiment.
vessel, (b) the intact loop, (c) the broken loop, (d)
the blowdown suppression system, and (c) the The broken loop hot leg also contains a
ECCS. The LOFT major components are shown simulated steam generator and a simulated pump.
in Figure 2-1, and the LOFT piping configuration These simulators have hydraulic orifice plate
is shown in Figure 2-2. assemblies that provide passive resistances to flow

that are similar to the flow resistances in an active
The LOFT reactor vessel, which simulates the steam generator and a pump.

reactor vessel of a commercial PWR, has an annu-
lar downcomer, a lower plenum, lower core sup-

The blowdown suppression system is comprisedport plates, a nuclear core, and an upper plenum.
The downcomer is connected to the cold legs of f the BST header, the BST, the niuogen pressuri-

the intact and broken loops and contains two z tion system, and the BST spray system. The
blowdown header is connected to the suppressioninstrument stalks. The upper plenum is connected
tank downcomers that extend inside the tank andto the hot legs of the intact and broken loops. The

core contains 1300 unpressurized nuclear fuel rods discharge below the water level. The nitrogen

arranged in five square (15 x 15 assemblies) and pressurization system is supplied by the LOFT
inert gas system and uses a remote controlledfour triangular (corner) fuel modules, shown in

Figure 2-3 and described in Reference 2. The pressure regulator to establish and maintain the

center assembly is highly instrumented. Two of specified BST initial pressure. The spray system
c nsists of a centrifugal pump that dischargesthe corner and one of the square fuel modules are

not instrumented. The fuel rods have an active through a heatup heat exchanger and any of three

length of 1.67 m and an outside diameter of spray headers or a pump recirculation line that
c ntains a cooldown heat exchanger. The spray

10.72 mm.
pump suction can be aligned to either the BST or
the borated water storage tank (BWST). The threeThe fuel consists of UO sintered pellets with an2

average enrichment of 4.0 wtCo fissile uranium spray headers have flow rate capacities of 1.3,3.8,

(235U) and with a density that is 93% of and 13.9 L/s, respectively, and are located in the

theoretical density. Fuel pellet diameter and length BST along the upper centerline. For Experi-

are 9.29 and 15.24 m.n, respectively. Both ends of ment L3-7, the BST spray pump suction was con-
nected to the BST so that no heat was added orthe pellets are dished with the total dish volume
removed from the fluid.equal to 20o of the pellet volume. Cladding

material is zircaloy-4. Cladding inside and outside
diameters are 9.48 and 10.72 mm, respectively. The LOFT ECCS simulates the ECCS of a com-

mercial PWR. The accumulator and the HPIS
The intact loop simulates the three unbroken were used during Experiment L3-7. Each system ,

loops of a commercial, four. loop PWR and con- was arranged to inject scaled flow rates of
tains a steam generator, two primary coolant emergency core coolant (ECC) directly into the
pumps in parallel, a pressurizer, a venturi PCS intact loop cold leg. HPIS Pump A and
flowmeter, and connecting piping. Accumulator A started injecting ECC at predeter-

mined PCS pressures of 13.16 0.19 and W

The broken loop consists of a hot leg and a cold 4.22 0.17 MPa, respectively. During plant
leg that are connected to the reactor vessel and the recovery, the purification system was used to
blowdown suppression tank (BST) header. Each simulate the residual heat removal system of a
leg consists of a break plane orifice, a quick- large commercial PWR.

4
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3, MEASUREMENTS AND INSTRUMENTATION

The LOFT instrumentation system was Flow Area
2designed to measure and secord the important Instrument (m )

'

parameters and events that occur during an
experiment. h1E-2ST-1 0.141

Temperatures at all major locations in the FE-5UP-1, ME-lUP-1, ME-3UP-1, 0.125
system were obtained from thermocouples and and ME-5UP-1

'

resistance temperature detectors.
FE-PC-2A, -2B, and -2C, and 0.0634

Pressure measurements were obtained with ME-PC-2A, -2B, and -2C
strain-gage transducers with pressure transmis-
sion lines connecting the transducers to the Fluid density was measured by gamma den-
measurement points. sitometers, each of which consists of a source and

several detectors. Three detectors (A, B, and C
Differential pressures were measured by strain- shown in Figure 3-2) are aligned with collimated

gage and balanced beam transducers with double gamma ray beams passing through the pipe; the
chambers. The transducers were externally located attenuation of the gamma rays vary inversely with
and connected to the measurement points with the density of the fluid in the pipe. Each den-
pressure transmission lines. sitometer also has a detector (D) located so that it

measures background radiation continuously. The
60 oCFlow velocity was measured by three types of densitometers are nuclear-hardened, have

instruments: sources, and are located in horizontal piping.
Figure 3-2 shows the gamma densitometer

1. A pulsed neutron activation (PNA) system configuration relative to the piping.
located in the intact loop hot leg computed
selocity by measuring the time required for Liquid levels were obtained by means of (a) dif-
an activated slug of coolant to traverse the ferential pressure transducers in the pressurizer,
distance between the neutron sources and steam generator simulator, accumulator, steam
the detectors, arranged as show n in generator secondary side, pump suction piping,
Figure 3-1. and BST and (b) liquid detectors which sense the

conductivity of the fluid near each of a series of
2. A transit time flowmeter in the broken loop electrical contacts in the reactor vessel.

cold leg determined velocity using cross
correlation techniques on the time differ- Control rod position was indicated by means of
ence between two fast-response, matched proximity switches. The circuitry associated with
thermocouples. These thermocouples are the proximity switches controls a set of lamps.
located a given distance apart in the fluid Each set of lamps consists of a " rod bottom"
flow and sense the same local thermal lamp and four " rod location" lamps. The rod
disturbance. bottom lamp lights only when the control rod is

bottomed. Each rod location lamp lights as the
3. Turbine flowmeters measured the velocity leadscrew on the control rod passes its switch posi-

directly. tion during withdrawal, and it remains lit
whenever the leadscrew is above this position. .

Mommtum flux was measured by drag discs.
The data presented for fluid velocity (from the Valve positions (analog indication from 0 to
turbine flowmeters) and momentum flux are 100% of opening) were measured by either
based on the following flow areas at the resistance potentiometers or differential ;

''

instrument locations: transformers.

O
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Mechanical pump speed was measured by an tors were first applied to produce data plots in
eddy current displacement transducer that uses a engineering units so that engineering specialists
slotted metallic target attached to the top of the could examine each channel for discrepancies or

pump motor shaft. The target contains six asym- unexpected events. Where possible, instrument
metrical slots so that pump speed can be deter- channel outputs and computed variables were ,

mined. Electrical pump power was measured by a compared with test predictions, previous tests,
wattmeter. corresponding parameter channels, and calculated

quantities. Instruments were labeled as qualified if
The steady state locallinear heat generation rate the measurement comparisons were determined to

'

was measured by self-powered neutron detectors. be within the accuracy of the particular
59Co emit- instrument.Each detector consists of a cylindrical

ter, a layer of aluminum oxide for electrical insu-
lation, and an outer sheath of Inconel. The cable Most transducers were calibrated under labora-
connected to the detector consists of two inconel tory conditions prior to installation in the LOIT
wires in an inconel sheath with magnesium oxide system. Verification of calibration constants was

insulation. One of the wires is connected to the accomplished by special tests performed during
cobalt emitter and the other is open ended. The heatup and by analysis of initial conditions data.
open-ended wire gives a background subtractirn in addition, post-LOCE checks were performed to

sknal to compensate for the radiation sensitivity pinpoint questionable data and to verify data
of the cable, consistency. Appendix A discusses the techniques

used to perform data consistency checks.
The steady state linear heat generation rate was

determined from neutron flux measurements Figure 3-3 shows a piping schematic indicating
tsken with a traversing in-core probe (TIP) at four instrument locations. Table 3-1 gives the
guide tube locations in the core. This instrumeut nomenclature for LOFT experimental and process

consists of a 235U fission chamber attached to a instrumentation. Data from both types of instru-
ficxible cable and its own data recording system. mentation are included in this report. Thermo-
The probe was withdrawn and stored outside the couples and neutron flux detectors located in the
core prior to blowdown initiation. nuclear core have special identification. Each of

these transducers has been given an identification

The data acquisition and visual display system number which identifies the type of transducer

(DAVDS) was used to record measured data from and its location within the core as follows:
the various instrumentation systems on a com- Transducer location (inches from bottom of

.

bination of digital recorders, wide-band frequency fuel r d)
modulation (FM) tape recorders, and oscillogra- Fuel assembly row
phic recorders.3 Redundant reurds were made Fuel assembly column
where use dictated more than one raorng mode Fuel assembly number
or where an extra measure of assc. ice was Transducer type
desired for critical measurements. g

TE-3Bi l-28
A digital computer was used to collect the

LOCE data in a multiplexed format at the LOFT Figures 34 and 3-5 show isometric views of the

facility and to perform equipment calibrations, major system components with instrument loca-

postlest data reduction, and plotting.4 The tions indicated. Figures 3-6 through 3-16 give
recorded FM data were converted into digital more specific locations for instruments located on
form and then demultiplexed to be compatible individual components. Some of the tempera- .

with the CDC CYBER 176 computer system. ture instruments shown in the figures were not
recorded during the experiment. Reference I may

The CDC CYBER 176 computer system was be consulted if additional details of instrument
used to further reduce the data. Calibration fac- design and locations are desired. (

O
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TABLE 3-1. NOMENCLATURE FOR LOFT INSTRUMENTATION

Y

Designations for the dif ferent 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
2ST Downcomer Stalk 2
SV Suppression tank
UP Upper plenum

Designations for the different types of process instruments:

CV Control valve
| FE Flow element
t 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 -

| TT Temperature transmitter

1
,

4

O
1
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!

! !
J

{ Designations for the different systems associated with process instruments: [
i !
i P004 Secondary coolant system ;

P120 Emergency core coolant system t;

{ P128 Primary coolant addition and. control system i

and HPIS !e

1 *

i P138 Broken loop and pressure suppression system |

| P139 Intact loop f
j P141 Primary component cooling system !
} T-77, T-87 Power. range ;
;

(
,

t
t i.

;

?

Ii
'

i

i e

I B

|
t
i.

; -

i. ,

! t

! ?

: ?
,

f

'
i
I
t

,

[

*

Y

r :
.

j

i

;. 13
.

[
-.... - ._ _ _ . . . . - - - , . . _ _ _ - . - . - - - . . . _ _ . . .. ..-.,--, ,-- - ,n . --_ .v,-.



._ _ - _ __ _ _ _

TT P139 32 PE-PC-2
PE-SGS-1 \ TT-P139-33 FE-PC-2A,B,C

PT-P139-5 4 TT P139-34 M E PC-2A,B,C
PE-PC-4 PdE PC-3 TE-PC-2A,B,CSteam OLT-P139-6 DE PC-2

generator
LT-P139-7

C'.[" NLT P139-8

{s -, }, \j
TE P139-20

-

TE-P13919 '"'' ' -
N Pressurizer D - / .d

-

PdE PC-8\ /- "~~"
-

9, sej_ j jN_ D ;.9 PdT-P139-30
-

<

# '

g|
,

PT P139-2 '

G PdE-PC-6~-
PT-P139-3

__

,

,

PdE-PC - 'g PT-P139-4 ECC Rakes 1 and 2
FT P139-27-1 PdE-PC-4
FT-P139-27-2 ,9 Pump g ECC cold leg injection unit

*PdE PC-2FT-P139-27-3 p PT P120-061
, Pump i DE PC-1, PE-PC-1i

#,fTE-SG-1 11
TE SG 2 *- *

'

LEPdE PC-27 RPE-PC-1, RPE-PC-2s

j PCP-1-P, PCP 2-P

PE-PC-5 C ''

| Reactor.
PdE-PC-1PE PC-6

( vessel'g.--j- '/L E PdE-PC-28
''

t3 7
INEL-A 15 7971

Figure 3-4. LOFT thermal-hydraulic instrumentation for intact loop-

e. G 9. . .

-



_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

. . ,m
'. .

) %dv

Isolation valves

LE PdE-BL 14 Quick opening valveSteam*

PE-BL-8 CV P1381 (lineargenerator
variable differentialPdE BL 3 simulator

PdE BL-9 transformer)
PdE BL-10 PT-P138111PdE BL 2

PT-P138-23
>S&

T Header1 ) Quick opening valver
CV-P138-15 (linearV -

variable differential
transformer)DE BL-1 A,B.C r'-i \, Valve opening

PE BL-1 * N* *
PT-P138-112TE-BL 1B g.,

hTTE BL 1 A,B,C / ;, ,

1,, LE PdE-BL-13*

, . , supp ession
) tank*

Pd E- B L-9 /
'

PdE BL-5 Pump
-PE BL 6 simulator

-PE BL 4
DE BL 2A.B.C
PE BL-2
TE BL 2B

Reactor t3 7
vessel INEL A-7300-5

Figure 3-5. LOIT thermal-hydraulie instrumentation for broken kwp.



Eli
Station * ,,j
347.913 -

b

340.669 A - j- Internals holddo
335 913 t

i spring and shim

T~ h'
~

. e-Upper core supt325.656 '- T 1. wl s
'D' J structure

'
'

'

]-

K upper section
A. r-Flow skirt assen( 307.00 = - u1

~ ~

{ ;'g
' ~." ---

|
. \ Reactor vessel

'

286.36 } Core support ba
4

Broken loop hot leg ,p p g.x
,

Broken loop G

d' ' b "
Broken loop 180* Broken loop Vessel filler a

) . g ;7 {Cold leg hot leg 264.00

f - , upper sec'
- - ,

Dow ncomer 4 -\, -f
'r CC '; A

Stalk 1 243.300 -s
'

' / N

\ / lower s t nEC 1 * w
'

I - _ 270* '; / mum S J
90* - * 1 k|i-; A 'If I

- t Lower plenum f' ; 4; |||8|||' ; A\

\ ~,g .

ECC 280* - , w u n,a ner. N ;s
s

""'|h||dr
3 s rFlow skirt assDowncomer .; G u n a ni

Stalk 2 200.240 1 '. 6 intermediate ss

Intact loop
,

intact loop N;- '
NM N

'
191.8 t0 N'

, 'd N sN^

0' . .N ' k f
< N

'hot leg cold leg ",

% q

7Section A A
'

% ; s y'', -/-. ' .f/ N

? ',149.925 .- "#

Q -Flow skirt ass <

{g, 4 ;
'

lower assembi

125.430 M( k-

,. _N' ?e

113.247 [ .i-M, -

Lower cofe su'

[rsndzssn.{ gs .
g ,mDI Il la N structure

?
. '. #96.437 v '

. 3 %. ..-

82.65G _
^- . |

_

78 50
74.'50

~

h
-

67.62
64.00 Reactor vessel

bottom

e Thermocouples

*
k * Station numbers are a dimensior:tess measure of ,_

relative elevation within the reactor vessel. They 8 Pressure
are assigned in increments of 2.54 centimeters with 9 Drag discsi s

* station 300.00 defined at the core barrel support
ledge inside the reactor vessel flange. [2D Turbinemeter

y Drag disc DM
g turbinemeter

Figure 3-6. LOFT reactor ve

16

i

,



tson AW gntagg 6000 Bf 0 hen 1000 Broken 1000 intact loop

IOf'TSS33 Cold leg 7 nCW e encomerhCt leg Cold leg hog g, $tatyg ,

tom (m) I ( SI*Ik 2 Stalk 1:
u
8. g uo. 8.6. . 3. 888. 8. 88388.8 8

u n unu n ------ -

35%.88.388 8 8. 8 5.o.3

Kitts i I I I I I t t 1t I I I I i t t I I i i t i I f 1ft I I I ' ' I I I f
' *

5 50 - j _ r. . c ioet w ,
$1 - '!' !79 62 '

j e 'l 277.02'
y ,3, 3,

Oly U.1825L2L,,,,_- , , , , , , _ , , , , , , , _ ,
teisi2i 1 268.02. - - - -

1 I 0** " 264.00-5 00
--(/| 9 \ l '18 ist i

" * * ' *
*

i 256 92, et 2s7 i- - - - - ---, g , , ,- - . -_t- -------g ,,,,,
---- 256.02

II I I
.tE2 9 2. _

s. d leg 4 50 -. , _ yLt 257 2 3 . |,y 244.02____ _ _ .

I i l .i 232.92sembly i t
---- - i -ie ist 2

- ----232.02= Ate ,se ,.int,.
4 00 _ l | 1

_ _ - _ . _ _ -.J.4.L'_25.!2'_ __ __|kL' 2.$L' ' - < -220.02_ - - _ _ - _ - - - ------

ll II
208 92- 1 i-

3g, Kg 23,,, - - t**: -------~
206.02aembly ------

y ,3, , ,
m av 3 )-. To *iact aoco } |,

| 1 ca.s +
tErst2r I tE ist 2 * -196 02, _ _ _._.._ - - - - - - -

I 184 92| 1 i. 3 og
---- --

- ] % ,ny,, t g is, ,4
---- 184.02

. - _ - . - - - -
''''S'2'

_ _ . _ __ ''.?S.' 2 8 _ _ -172.02-----

1, ;I | |2.50 -
r it ist s 160 92te 2st s -- g --~~" 160.02y t; 337 ,-

- ' ---------
-tt+st2to

_ _ _ ,,_,,, ,, Qtt 2st 2 ii _g -(t 9st ris -148.02-----

2N- | | | g
! II 136 92

- - - - - 136.02. -- -_.- --------
, , , , , ,

|1.50 gg o,, | g,7

TMit tst is it ist i4 114.72
e er 113.53

1.00 - 'id ist t

,, / 7,,- 7 7 , s
| I II Lt iST ' t 100 92

0 75- . . .-

- - - -- .+ 1g_ - g ._ - ,- - -
e -.

-_. g , ,, ,
-- - - - - - - ,-g y; = - - - - - 96 02

___.._ _. __-- ---------
, ,

96.44-----

' p^)tt2sre
- - - - - - - - - - -- - - - ~ ~ ~ ~~ 92 92r

pqi 3n 3 --' ~g%TETstT3 92.02pg ,3,,,
B892

- -tN iTrp -< - 88.020.50 - ------ --t g g g , g - - - -------------

Losce i I i I 84 92

plenum ( - M,* M" E '* -- h, - 84.02- - - --
- - - - - ---------

g ,3, , ,g() tow eeva emet on ocaw 80.92
d

- i. *_f- (T gig - - ~ |4 - 80.02- - - - - -- - - - - - - - - - -
0.25 - -----

t ist.i.
1 t' 76.92

' *E ts - -| , - - ------ - 16.02-.---- -- -- -

4 0 I, I I. I
315* 290* 225* 135* 110* 45*

102*

CounterClocknise = '

L3-7
INEL B-14 588-1

Liel instrumentation.

__-____ _ _ ______________- _ _ _ _ _ _ _ _ _ - . _ _ _ - _ _ _ -



_. . _ _ ._ . - --

* Station numbers are a dimensioniess measure of

O relative elevation within the reactor vessel. They
are assigned in increments of 25.4 mm with

'

Station 300.00 defined at the core barrel support
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Figure 3-?. LOFT reactor vessel pressure and differential pressure instrumentation.
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(q 4. EXPERIMENTAL PROCEDURE AND INITIAL CONDITIONS
<

v/\

This section summarizes the experimental pro- Initial reactor criticality occurred approxi-
cedure, initial conditions, and the significant mately 148.5 h priar to experiment initiation. Two'

events recorded during the experiment. scrams occurred in power ascension and operation
prior to the experiment. The power level reached
49 1 1 MW at 17.7 h prior to the experiment and

4.1 Experimental Procedure was maintained at that level until blowdown was
e initiated.

In preparation for Experiment L3-7, the PCS A plot of the power level versus time for the
was filled and vented and the specified system 148.5-h period prior to blowdown is given in
water chemistry was established. Prior to the Figure 4-1. During this time, measurements of
primary system heatup, several tests were per- power level were performed using a secondary
formed on the LOFT system. These tests included calorimetric calculation and the following
plant requalification tests, QOBV operation and specified initial conditions in the PCS were
seat leakage checks, pump coastdown runs, LOCE established: (a) The flow rate was set at
control system checks, and operational verifica- 478.8 : 8.8 kg/s, and adjustment of the SCS was
tion of newly installed instrumentation. Selected made to maintain the experiment power level.
system process instrumentation was calibrated and (b) The PCS boron concentration was adjusted to
an electrical calibration was performed on the establish a reactor vessel inlet temperature of
DAVDS. 556.8 2.2 K at a hot leg pressure of

14.95 0.34 MPa.
The PCS pressure was increased and decreased

to plateaus of 1.46, 3.53, 6.98,10.43,13.87, and Prior to blowdown, a DAVDS calibration and a
,m 15.60 MPa at cold plant temperature and zero data integrity check were performed. During this

( j)i flow conditions. The DAVDS recorded 20 s of period, the initial-condition water samples were
data at each pressure plateau to determine the taken from the PCS, the SCS, and the BST. The
degree of sensitivity of the pressure sensing instru- intact loop conditions were checked, and adjusted
ments. The system was concurrently inspected for as necessary, to ensure the specified conditions
leakage at the various test pressures. The pumps discussed above were met at blowdown initiation.
were operated at 15, 20, 30, 40, 50, and 60 Hz Purification lines were closed, broken loop recir-
with 20 s of data taken at each frequency. During culation lines were isolated, and pressurizer and
heatup of the plant, the appropriate initial condi- broken loop hot leg heaters were turned off just
tions were established for the BST, accumulator, prior to blowdown initiation.
and BWST.

The DAVDS was activated and data recording
The plant was stabilized at 422,489, and 555 K was started 7 min prior to the blowdown. The

during heatup. At each of these temperatures,20 reactor was scrammed by the reactor shutdown
to 30 s of data were recorded for calibration system at 36.020.1 s after blowdown initiation.
checks and to determine the degree of instrument When the four rod bottom lamps came on, indi-
temperature sensitivity. At the 489- and 555-K cating that the control rods were fully inserted, the
stabilization points, the pumps were stopped and primary coolant pumps were manually tripped.
20 s of data were recorded during flow coastdown The pumps then coasted down under the influence
and zero flow conditions. With the pumps off at of the flywheel system until the field breakers to,

the 555-K stabi' _ation point, 20 s of data were the primary system motor generator sets tripped at
obtained at 14.95, 13.87, 12.50, 11.12, and 56.2 0.1 s w hen the pumps coasted down below
9.74 MPa in both the increasing and decreasing 12.5 Hz (750 rpm). The break orifice area

2directions. Frequency tests were performed by (13.2 mm ) corresponded to the flow area of a
varying the primary coolant pump frequency from 1-in.-diameter break in a commercial PWR. The'

20 to 60 Hz in 10-Hz increments at $55-K. Before sequence of events for the experiment is provided
the reactor was brought critical, the DAVDS was in Table 4-1. Figure 4-2 shows the decay heat dur-[ ]) calibrated and the boron concentration in the ing the experiment, w hich was calculated using thet

' ' accumu!ators, BST, and BWST was verified. American Nuclear Society Standard 5.1.5

27



. V l h/* P"VW' '"

n / ! }
IT /' / .

i If* ,>E I J I .
o 30 '
A I I

1 i
= '

r3
6

'"c l {: i
' >

' i J l
I[40

i

W f I> Iw i
.J

w 20
m |O

Ja f .

f I
I /

,

-20 -120 -90 -e0 - 30 o

TlWE BEFORE INITI ATION (h)

Figure 4-I. LOFT power history prior to Experiment L3 7 blowdown initiation [ full power = 50.\tW(t)].

O
ECC injection was directed to the intact loop purification system heat exchanger was used to

cold leg during blowdown. The llPIS flow was simulate the residual heat removal system of a
initiated automatically when the PCS pressure had large PWR.
dropped to 13.16 0.19 51Pa at 65.610.1 s
after blowdown initiation. The HPIS was turned The BST pressure was not controlled because

off at 1805.3 0.1 s to hasten the loss of fluid the back pressure was not expected to affect the
inventory in an attempt to establish the conditions blowdown. BST recirculation through the spray

conducive to renux flow. The HPIS flow was headers was operated at full spray pump capacity

reinstated at 5974.2 1 0.1 s. Accumulator A throughout the transient to ensure homogeneous
injection began 6028 2 5 s after initiation of the temperatures throughout the water volume in the
blowdown when the PCS pressure had dropped to BST.

4.22 0.17 51Pa and continued to inject water
throughout the remainder of the experiment. 4.2 initial Conditions

Operator actions insolving the SCS and the The specified initial plant operating conditions
purification system were used to reduce PCS (except for the linear heat generation rate condi- .

pressure and temperature. The SCS auxiliary feed tions) and tolerance bands for Experiment L3-7
pump was operated for about 30 min starting at are presented in Table 4-2 along with the values
I min after scram to simulate the automatic initia- measured immediately prior to the blowdown init-
tion of auxiliary feed for a large PWR, and later iation. All initial conditions were within specified

'

during the transient to fill the steam generator tolerances. Table 4-3 gises the li .ar heat genera-
during bleeding operations. The SCS steam bleed tion rate versus height abose the bottom of the
began at 3603 : I s. The break was isolated core for three locations within the LOFT core
7302.0 0.1 s after blowdown initiation. Begin- prior to blowdown initiation. The data for
ning at 18 ISO 60 s, circulation through the Table 4-3 were obtained from the TIP system.
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TABLE 4-1. SEQUENCE OF EVENTS FOR EXPERIMENT L3-7
_

Time after LOCE
Event Initiation (s)

'

.

LOCE initiated 0

Reactor scrammed 36.0 1 0.1
*

! Control rods reached bottom 38.1 1 0.1
Primary coolant pumps tripped 39.3 1 0.5*

j Primary coolant pump coastdown completed 56.2 1 0.1
1

Core natural circulation first indicated 60.8 1 0.5

|
HPIS injection initiated 65.6 1 0.1
SCS auxiliary feed initiated 75 1 3

'

Pressurizer emptied 264 1_7

Upper plenum reached saturation pressure 382 1 6
End of subcooled break flow 1037 1 10

I SCS auxiliary initial feed terminated 1800 1 5
HPIS flow terminated 1805.3 1 0.1
SCS steam bleed initiated 3603 1 1

i HPIS flow reinstated 5974.2 1 0.1
i Accumulator injection initiated 6028 1 5

Break isolated 7302.0 1 0.1
i

i Primary system fluid became subcooled 7915 1 20
Pressurizer refill initiated 8680 1 10,

Purification system recirculation initiated 18 180 1 60
Pressurizer refill terminated * 19 900 + 100

i

| b
Experiment completed 29 500 1 100i

,

|

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

b. The experiment was finished when the PCS temperature dropped to 366.5 K.j ,

4

i ,

:
i
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Figure 4-2. LOFT decay heat following Experiment L3-7 blowdown initiation.

Table 4-4 gives the measured fluid tempera- the results of the water chemistry analyses for
tures of the PCS immediately prior to blowdown these systems are presented for pre-LOCE condi-
initiation. tions and for the BST post-LOCE conditions. The

pre-LOCE Accumulator A boron concentration
Table 4-5 specifies the required water chemistry was 3405 t 15 ppm.

for the PCS, the BST, and the SCS. In addition,

4

h

O
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TABLE 4-2. INITIAL CONDITIONS FOR EXPERIMENT L3-7

(
Parameter Specified Value" Measured Value

*
Primary Coolant System

Mass flow rate (kg/s) 478.8 + 8.8 481.3 + 6.3
_

Hot leg pressure (MPa) 14.95 + 0.34
* ~

14.90 + 0.25
Cold leg temperature (K) 556.8 + 2.2 556{3
Hot leg temperature (K) -- 576.1 + 0.5

,

Boron concentration (ppm) As required to 726 + 15
maintain temperature

Reactor Vessel

Power level (MW) 50 + 1
~

Maximum linear heat
-

49 + 1

generation rate (kW/m) 52.8 + 3.7--

Control rod position (above
_

full-in position) (m) 1.372 + 0.013 1.373 + 0.010

Pressurizer

3Steam volume (m ) -- 0.30 + 0.05
3Liquid volume (m ) -- 0.63 I 0.05

Water temperature (K) -- 615.0[0.3
Pressure (MPa) 14.95 + 0.34 14.90 + 0.04

\
Liquid level (m) 1.13[0.18 1.10[0.02

Broken Loop

Cold leg temperature near
reactor vessel (K) - 557.7 + 2.5

Hot leg temperature near
reactor vessel (K) -- 561.4 + 2.5

_

Steam Generator Secondary Side

Water level (m)c 0.25 + 0.05 0.25 + 0.06
Water temperature (K) ! 544.0[0.2
Pressure (MPa) - 5.576 + 0.012
Mass flow rate (kg/s) -- 28.0[0.4

Accumulator A,

Liquid level (m) 1.85 + 0.05 1.85 + 0.01
Liquid volume (m ) - 2.60 I 0.033

~

Gas volume (m ) -- 1.19 7 0.033

Pressure (MPa) 4.22 + 0.17 4.31 7 0.06*'

Temperature (K) 305.455.6 306.6[0.7
p Boron concentration (ppm) >3000 3405 + 15

_
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TABLE 4-2. (continued)

Parameter Specified Value* Measured Value
HPIS

Initial flow rate (L/s) 0.32 + 0.13 0.32 + 0.02
Initiation pressure (MPa) 13.16 7 0.19 13.35 7 0.24

a. The specified value toleran:e is an indicated operating band,

b. The measured value tolerance is the uncertainty in the measurement.

c. The water level is defined as 0.0 at 2.95 m above the top of the tube
sheet.

.

=

0
32



TABLE 4-3. LINEAR HEAT GENERATION RATE PRIOR TO EXPERIMENT L3-71

: (Reading Uncertainty + 7.6%)
,

Linear Heat Generation Rate for*

Core Position (kW/m)
Height above Gore

Bottc2 (m) IC7 5H8 SM3 _
.

0.152 13.04 23.36 22.90

0.305 23.67 38.56 38.59

0.406 26.38 42.97 43.01

0.460 25.09 40.86 40.90

0.508 27.18 44.27 44.31

0.559 29.17 47.52 47.56

0.660 30.32 48.04 48.71

0.762 29.83 47.26 47.86

0.838 27.90 44.21 44.78

0.891 24.55 39.99 40.03
il

0.940 25.77 41.40 41.68

1.067 23.60 37.34 37.86
;

1.219 17.95 28.44 29.46

1 1.270 15.12 23.95 24.26

1.303 12.98 20.56 20.82

1.372 11.08 17.55 17.78

1.524 4.83 8.74 8.20

1.626 2.38 4.30 4.04
e

1.676 1.40 1.50 1.39

a

.
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TABLE 4-4. PRIMARY COOLANT TEMPERATURES AT BLCWDOWN INITIATION
.

Location Detector Temperature (K)

Intact loop hot leg (near vessel) TE-PC-002B 577.6 1 0.6

Intact loop steam generator inlet TE-SG-001 577.0 1 0.8
Intact loop steam generator outlet TE-SG-002 560.2 1 0.8

Intact loop cold leg (near vessel) TE-PC-004 559.4 1 0.3

Reactor vessel downcomer:

Instrument Stalk 1 TE-lST-001 560.1 + 0.7
Instrument Stalk 2 TE-2ST-001 561.5 1 0.8

Reactor vessel lower plenum TE-1LP-001 560.9 1 0.7

Reactor vessel upper plenum TE-lUP-001 586.6 1 0.7
TE-5UP-001 588.7 1 1/0

Broken loop hot leg (near vessel) TE-BL-002B 561.4 1 0.3

Broken loop cold leg (near vessel) TE-BL-001B 557.7 1 0.2

Intact loop pressurizer
(from saturation pressure) PE-PC-004 615.5 1 0.5

.

.

O
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TABLE 4-5. WATER CHEMISTRY RESULTS FOR EXPERIMENT L3-7,

t

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

3
| Conductivity (paho/cm ) 60 maximum 2.63 60 maximum 11.65 10.26 2 maximumb 2.40
! (each at 298 K)
i

! Total gas (cm /kg) 100 maximum 44.2 -- 21.63 16.2 - --
3

Dissolved oxygen (ppm) -- -- -- -- - 0.05 maximum 0.014

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

U Boron (ppm) -- 726 3050 3748 3308 -- 0.032,

* Fluoride (ppm) 0.1 maximum <0.02 0.1 maximum <0.02 <0.02 -- --

3Hydrogen (cm /kg)c 10 to 60 18.5 - 1.4 0.0 -- --

!

| Total gross activity (pc/mL) 375 maximum 2.08 x 10-2 _ _ o,o __ __

I Cross beta and ganssa (pc/mL) - 1.39.x 10-2 - - 1.4 x 10-3 -- --

1

: 131I (pc/mL) 0.37 maximum 0.0 - -- 0.0 9 x 10-4 maximum 0.0

135I (pc/mL) 0.76 maximum 0.0 - -- 0.0 -- --

}

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

b. Cation conductivity.
.

c. Prior to depressurization.

I
,

-

a

i
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9|5. DATA PRESENTATION

The data presented in this report include functions of output level so that the user may
selected pertinent thermal-hydraulic and nuclear determine the approximate uncertainty over each
data from LOFT Experiment L3-7. range of interest for a given variable. .

Error bands are presented on 21 critical meas- Table 5-1 lists Experiment L3-7 instrumenta-
urements for case in code comparisons. These tion that provided data presented in this report
along wi:h the remainder of the uncertainty values and gises the detector location, range, initial con- ,

are presented in Tables 5-1,5-2, and B-1. Experi- dition uncertainty, uncertainty at specific read-
mental Data Reports for future LOFT experi- ings, and recording frequency along with the
ments will present uncertainty values on each plot. figure numbers. This table also contains a "Com-

ments" column which gives information relative
The selected data have been divided into two to the usability of the data. A complete list of

categories, " Qualified" and " Failed." The LOFT instrumentation available for Experi-
qualified designation was applied to measure- ment L3-7 is contained in Appendix B.
ments that have ucen found to be within the uncer-
tainty of the instrument. The absence of a Table 5-21ists the variables that were computed
comment following the qualified designation indi- from the transducer outputs and other factors,
cates that the data are valid- (that is, within such as geometrical constants. This table also
specified uncertainty bands) over the entire time gises the equations used to compute these
span recorded. Restrictive sntements accompan, variables, the figure number, and comments
data that are invalid over a portion of the recor 'd which may reflect on the usefulness of the data,
time span. Instrument channels were not pre-
sented if the data were in the instrument dead The data are divided into five major sections
band or showed a similar response to nearby like with the indisidual plots in each section presented
instruments (such as the core thermocouples). in alphanumeric order to facilitate comparison
These data are asailable at EG&G Idaho, Inc., and location of desired variables. These data
upon special request. The checks on data con- sections include
sistency and instrument performance are discussed
in detail in Appendix A. 1. Experiment L3-7 hieasured Variables,

Short-Term Plots (.400 up to 2000 s),
The data were processed and are presented in Figures SS-1 through SS-81

graphical form in SI units. Steasurements were
combined to produce computed variables, and 2. Experiment L3-7 hieasured Variables,
graphs of similar variables at several locations hiedium-Term Plots (0 to 7500 s),

were overlaid to facilitate comparison. The Figures $h1-1 through 551-101
number of data points shown for each instrument
have been reduced to 2000 for ease of plotting. To 3. Experiment L3-7 hieasured Variables,
accomplish this reduction, the data were passed Long-Term Plots (0 to 15 000 s),

through a low. pass filter and then decimated. Figures SL-1 through SL-12

The 1-0 confidence intervals have been deter- 4. Experiment L3-7 Computed Variables,
mined from knowledge of the systematic and ran- Figures SC-1 through SC-14

! dom errors of the sensors, data system, calibration
procedures, and the channel random nc.ise during 5. Experiment L3-7 Variables with Uncertain- *

preexperiment calibrations. These are presented as ties, Figures SU-l through $U-21.

|
|

.
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TABLE 5-1e MEASURED VARIABLES FOR EXPERIMENT L3-7
}

I laitial After Esperiment lettiation
Variable. Condition,

System, and Measurement Recording Uncertaisty Uncertainty Figure1

i Detector Location Banae Frequeneva (1) Readina (1) Numberb Commentsa

I VALVE OPENING
|
* Intact Loop

f
CV-P004-006 Main feedwater control O to 1001 1M 3.22 et 3.0% $M-1 Qualified.| valve. 253 3.131 '

!' 50% 3.471 L
1001 4.611

i. CV-F004-010 Main steam control O to 1001 1 us 4.v61 03 3.0% "M-2 Qualified.
i valve. 251 3.131
I 50% 3.471

1001 4.613

CHORDAL DENstTY

Broken Loop

DE-SL-001A Broken loop cold les at 0 to 1.0 Mg/m3 to na - - 0.068 Mg/m " $$-3 Qualified after3
, dras disc turbine trans- 5M-3 reactor scree.
! ducer (DTT) flange.
4 0 .es. . is i4e n .i.
$ f rom Beam B [CW tooking

!J toward reactor vessel
I; c av)) . '

4

: DE-BL-001B 3roken loop cold les 0 to 1.0 Mg/m3 10 us - - 0.076 Mg/m3 55-4 Qualified after hf at DTT flange. Beam B 5M-4 reactor scram. ;
| through centerline of SU-2 i
j= pipe 458 from vertical

((CCW tooking t ward BV).
4

! DE-8L-001C sroken loop cold leg 0 to 1.0 Mg/m3 10 Hs - - 0.11 Mg/m3 55-5 Qualified after
at DTT flange. Beam C SM-5 reactor scrae.

a

I is 22* 7 min free
i Beae B (CCW tooking

3toward RV). t

e

j DE-5L-002A Broken loop het les 0 to t.0 Mg/m to Es - - 0.12 Mg/m3 55-6 Qualified after i
3

j at DTT flange. Beam A 5M-6 reacter scram. [; is 148 21 min from
d Bene B (CCW tooking

{toward tv). ;
;

-
-

:
e

1
* ,L

!

4
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TABLE 5-le (continued)
a

laitial After gaperseest laitiation

Variable. Conj 6 tion

. System. and Messerement Racerding Uncer t a s et y 17acer t aint y Figure
| Detector Loc a_t t o= R anje Fregueney ( *. ) Reading d umbe d Gwnt ea

| CHotDAL DEm5 TTY
( cont i nued )

srohen Loop
(cont t need )

IDg-SL-0028 trekee loop hot leg 0 to 1.0 Mg/m3 15 Ma ~ -- 0.063 Mg/a 43-7 Qwalifted after
) at Dit flange. Beam 5 91-7 reactor scree.

( theough centerline of
j pipe 4)* from vertical

(CW lookies toward RV).
,l-

t Intact Lam p ,

!

l 3DE-PC-0013 int ac t loop 514 leg 0 to 1.0 Mg/e 10 Ha -- -- 0.064 Mg/m %8-0 Qualified after
at DTT f l an ge . Sese B SM-8 seac tor scrae,

through center line of SU-3
p a pe 4)* from vertical
(CCW looktag away from
EV).

3Og-PC-001C Int ac t loop cold leg 0 to I.0 Mg/ml 10 us - -- 0.092 Mg/m 53-9 Qualified after
tes at DTT flange. Sese C SM-9 reactor scree.
O

4 is 22* 7 ein free
i Bese B (CCW tooking

away free EV).

3DE-PC-002A I nt ac t loop hot leg 0 to 1.0 Mg/el to us -- -- 0.054 Mg/m 15-10 Q e lified after
i et DTT flange. Bene A SM-10 reactor scram,

i in 14' 21 sin from
Bese B (CW looking
away from RV).

I 3DE-rC-0028 Int ac t loop hot leg 0 to 1.0 Mg/a 40 Ma -- -- 0.10 Mg/m is-11 Qualified after
at DTT llange. Bese p SM-il reac tor sc ree,

through centerline of 50-4
pipe 4)* fram vertiest
(ccW loostag swey from

RV)..
1

! DE-rc-uG2C Int ac t loop hot les 0 to 1.0 Mg/e 10 Ma -- -- 0.091 Mg/ml 55-12 Qualified afterl

] at Dff flange. Rese C iM 12 react er scree.

i is 22* 7 min f rom
seme B (CCW look n o g
away from RV).

I FLUID VELOCITV
t

I at ac 1.uoy

F1-PC-002A Hot les DTT flange 0.6 t o 15.0 m/s ! Na 0.63 m/s I m/s 0.L6 m/ed 33-13 Qualified to
at bottae of pipe. O m/s 0.48 m/s SM-Il 7500 s.

1) m/s 0.56 e/o 50-5
,

,t

k

a
4

i O. O O. . .

.
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| TABLE 5-le (continued)
i.

Initial Af ter Emperiment tattiation
Variable, Condition i4

'
h System, and Measurement Recording Uncertainty Uncertsiaty Figure

Detector Location Ranae Frequency * (*) Readina (*) manberb Comments

i FLUID VgLOCITY
; (contiamd ) }
! !

neactor vesset}-
f Fg-5UF-004 Above upper end bos of 0.5 to ..o m/s I as 0.23 e/s 1 m/s 0.06 ala $s-14 Qualified, sero

j Fuel Assembly 5. 5 m/s 0.28 m/s Su-14 offeet beyond
10 m/s 0.56 m/s 7500 e due to:

; electron (es.
4

{
FLOW RATg *

*I nt ac t Loo p

f FT-F004-012 talet to sir-cooled 0 to 40 kg/s 1 as 0.8 kg/s - 0.8 kg/s Su-15 Qualified.
' condenser inlet header.
1

'
i

} Emergency Core
y

! Coolina system
1

j FT-F120-085 LJw pressure injection 0 to 25.2 L/s 1 Na 2.5 L/s - 2.5 L/s SM-16 Qualified. [

j system (LFIS) Fump A in [
. he 4-ia. line between heat -

j @ enchanger and orifice.

} FT-F128-104 High-pressure injection 0 to 1.89 L/s ! Ma 0.02 L/s - 0.02 L/s SM-17 Qualified.
! system (HFIS) Fump A 50-6
1 discharge.
.I i

j intact Loop
,

4 .

.. tatact loop hot les 0 to 630.0 kg/s I ga 17 kg/s - 17 kg/s 5s-15 Qualified. sood forFT-F139-27-1
,

venturi flowmeter initial conditions >

[right side f acing only.
steam generator (SG)}. ,

4 1

5 #

FT-F139-27-2 Intact loop hot les 0 to 630.0 kg/s 1 as 17 kg/s - 17 kg/s 5$ 86 Qualified, good for
1 venturi flowmeter initial conditions

(bottom of pipe). only.
5

f FT-Ft39-27-3 Intact loop hot les 0 to 630.0 kg/s 1 Hs 17 kg/a - 17 kg/s 55-17 Qualified, good for
i venturi flowmeter tattial conditions

(left side facing SG). only.

Primary Cae-
ponent Coolina

q System

1

j FT-F141-022 Primary component 0 to 22 L/s 10 us 0.11 L/s - 0.11 L/a SL-1 Qualified.
cooling system.

i
i
$

I'1

:

1
1

-.m_._m. ,_ - . . _ _ . - ._ . . -



. -

O
eg

me e t e .e

e e.Me e e Cee > 3 e
e e

9 ee
e to eeb eg c 0e es O e es O u e

* C e gO c e wO C***
ee 3 ee * es s es e o em 3 em

. e l e.. 5 9- m s 3-
.

g ene s g. 13e 13.ge g -a 2u g .OO en e 6
4 Au g
ee e

.e.e g .e .e.e0 e * .e.e .e .me o e

U **m
.e e .emg

.e e. u .es . ensm.e ens %
h

a .m.ecue g .ee.tu .ie.
e eg

s a
m.e e

a-- e.ne em
a

C ch d ea
u.a

am ee =*e-.* > e .g
**

.-e .e..e ee e. e e.
-

o
s*m -w s 9 e O .* s s

O&44 & g se @ Q es as as @ O
e

A
eb

e.= e.* M #=
ee OO ce e o et M.e .s es emhe e
-4 -e M e de ce e ce n 4 ee 4 ee -a et ce et34

e e e e e 0

Eedet S
e e e e e e e e e e e e,e 3 ED E eEJD We F 4 D en E h en E D3 et

en B e ee e's en en e en en om en eX e em em en e em en em

S h
O
.s

ee
a

u
aee.e=* uoI E g g g

*s **w E E R S
e + e.s e e.*

U P
*

se e ee e e4 em

e'e. o. O. O. O. O. O.
t

C O.
-

D
** O O O O O O O O
C

3
..e
e
e.i*

en
b c
e
** g=
b e 0 t t i e 1 I I
e e 6 e e 4 1 4 e e

en

h

se ** ee asef te o
we ne

.,.0*qW ee
..e** O C

e S ee e S e e.e.e -es
d

e es at e 3 3 e g% u
3 5 g g

sk *es me +
ee em es em

u e1 ab ee == e.e.e
..e

4 e. sh eEb
.a ee e .e e e e ,e.eeg es w

e
mec qs e e

Mse
es A=4

ch O. O. O.
O

O .thO u O
=

e e e e')
*ae-O *e 4 esU C *

O OD O 85 e 3 e se O O O O
E W E OM E W e OM

e
e8 m,
C u
d C
g g se se se se se et as se

te D E E E E E E E E

er,O

e s=

me es me se =e me ce we
ey

en th

w
C *

3. e
.

e e e e a
E 4 3 5he c

s e as e em 4

e M 4 *e O M O **

4
m. e. em. 4 O. N.

=0e en
g M

sat
O O O O O O O
u u u u u 4 u u

O O O O O M O O,

i e

A es.
m.
O

es e c
w as e .e

asm
g

-.*
ee O e ** b J's. .O.e

Ce ts

O .s*
eP a ee > $> eoe sk dw 3 e
.* O=== e ** C>3 q: O 3 ,0* Pe e ee e eee

e,.a
==

se 6 u.e 0 * ** e U u be > meabe
u

i.* s.* O
ab* sb et e. g e.

.
Ek .e.en. a 6 6 me

.Oe $.
e s. eo M m O

4.J u 4 es
4e u a w e. .o. e- s,a

o~
.Oe

u en-aq
e - e .a e gC .e.

. - e
es3-e

oe u

O p S c.
.,s O

**

e u e
a e.e e

%s# ..ae es
-.eS db

se 0 e se e.s* W ee b** e e 19wse e
g 6 se e =e3 es

3 e C * c eeQ g & E4 O

u a --e * ta -d

9) eg u 3e u3 me we ed O es EL C .e C > cC
.D.

C as
e 05 u t.) 3 0 e0 eoe oe 13 $ e. O .eEk a et en w U ** 9 w se es Cem ee eh en th e

0
Se. E,

6 e 4 e et t .We e. up
I

tri c ,J
a 4 es ce O u u e ce c6 c M

13
8 N 8 s e M

i
- n. O O v e e

O ee. OO O e a w w
*aeeb w

O V U hen a t in e C e *

.e e.% 4 e.J 4 g eOe > .4
J J 6. Am b etA *u b J se g g O t

> 0
, es v As T

5d c'sw .J e at e a C es e te

sus.aseo
C 98 e u esh w e C 3 = eon 9.e II ed

* ' .g GeM1 e C
-

e. u eTe. e.d- ./.e. 'e. se,l
u

e a .

se
a

o u O O
,

y

I
e e e e ecQ e

e e. A> e e.eg 3 s.ee
e,. g eJ C ,J e nsw w e 0 e oo es

C< e3J e
h ** A me

,,) ,J g Q %ob .

hm

esk U eA e4 U me S Os
.a

O
-

- . . . _ - . - . - - - - - - - _ - - . _ - - - - - . . . - - - - - _ - - - _ - - , . - . . . - . . _ . _ _ _ - _ - _



. _ _ _ . _ . _ _ _ _ _ _ _ _ _ . . _ . _ . _ . _ - _ _ . _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ . . _ . . _ _ . . _ _ _ . _ . _ . _ . . ._ - _ . . . ..

i

- s w a o

i

i
*;

4

1
.

!
s 1.

>,

| t.i
1 !

! TABLE 5-le- .(continued)
!

4 {
j ICtial After Esperiment initiation

i variable, Condition
System, and Measurement Recording Uncertainty Uncert aint y Pigure

a (*) Reading ( *. ) haberb Comment e .(j Detector Location Banze Pregeency
'

L1 QUID LEVEL
4 (continued)

stowdous sup-
pression Tank

j - (continued I
_

e

I
| "LT-F138-058 3$T tevel on south 0 to 3.4 a 1 as 0.09 m - 0.09 m . 55-23 Qualified.
1 end of tank.

; Int se t 1g,oo

LT-F139-007 Pressuriser level on 0 to 1.9 a 1 Ks 0.04 m - ' O.04 e 55-24 Qualified, manimus
* southwest side. SM-26 measurement range

g 5U-12 is 1.8 m. *

f- MosENTUM PLUI I
i - 5

j- Intact Loop

i
2 2 2 2 t

|' M -PC-0023 Bot les DTT flange 1.0 to 28.0 Mg/m.s 1 Na 0.20 Mg/s.s 1.0 Mg/s.s 0.20 Mg/s.s 5$-25 Qualified. .

, g at middle of pipe. 11.0 Mg/m s2 0.27 Mg/s.s2 SM-27
21.0 Mg/s.s2 0.38 Mg/s.s2

2 2 1.0'Mg/s.s2 2ME-PC-002C Mot les DTT flange 1.0 to 28.0 Mg/m.s I Na 0.20 Mg/m s - 0.20 Mg/m.s $$-25 Qualified.i

at top of pipe. 11.0 Mg/m.s2 0.27 Mg/m.s2 SM-273

21.0 Mg/s.s2 0.38 Mg/m.s2
- e

i
! Reactor vessel
1

| E-1ST-001 Downconer stalk 1. 0.3 to 3.2 Mg/m.s 2 g g, o,yg ngf.. 2 0.75 Mg/s.s 2 55-26 Qualified. |

1 1.16 e above RV..
) bottom.
i

ME-5UP-001 Puet assembly 5 above 0.3 to 5.2 Mg/s.s2 1 as 0.78 Mg/m.s2.
'

O.78 Mg/m.s 2 55-27 Quali fied. ,

upper end bos.
1

|' DIPPERENTIAL
1- PRESSURE \
<

4 -
,!

* Broken Loop g

,
'

i
.

l5 Pdt-BL-002 Broken loop cold les +17.5 MPa 1 Ns . 0.025 MPa O MPa 0.025 MPa 58-28 Quellfied.
i across small break (differentist) 5 MPa 0.026 MPa SM-28

j orifice. 10 M'a ' O.028 MPa .SL-5'
15 MPa 0.032 MPa

intact Loop

1 .
PdE-PC-001 Inta-t loop' cold les e700 kPa 1 Ns 1.8 kPa 0 kPa 1.7 kPa 53-29' Qualified. I

across primary coolant Tdifferential) 350 kPa 1.7 kPa - 50-13 i

j pumps . (PCPs ) . 700 kPa 't.9 kPa
4

,

2 " i.

4 r

4
. .. , . _ . __.- . . , _ _ -_ _

|
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TABLE 5-1. (continued)

"* f ter E xperiment InitiatiseInitial a

variable. Condition
S y st em. and Measurement accordin8 Uncertaiaty Uncer taint y Figure

a bDetector Loc a t ion tante Fretsengy (I) Reading (*) number c,,,,,,,

TEMFERATWE

Broken Loop

TE-SL-0015 Broken loop cold leg 255.2 to 588.6 K 1 Ma 2.5 K 350 K 2.4 K 55-49 Qantified,

at DTT rake center. 450 K 2.5 E SM-53
550 K 2.5 K
650 K 3.2 K

TE-Ble0025 Broken loop hot leg at 255.2 to 588.6 E 1 Ha 2.5 K 350 E 2.4 K SM-54 Qualified.
middle of DTI flange. 450 K 2.5 K

550 K 2.5 K
650 K 3.2 K

Int ac t Loop

TK-PC-0024 Int ac t loop hot leg 422 to 1533 E 1 Hs 3.1 K 450 K 2.8 K 55-50 Qualified.
DTT flange at bottom 600 K 3. 2 K SM-55
of pipe. 800 K 4.7 K SU-17

1000 K 6.2 K

TE-PC-002B Int ac t loop hot les 422 to 1533 K I Hs 3.1 K 450 K 2.8 K 55-50 Qualified.
4 DTI flange at middle 600 K 3.2 K 5*t-55
@ of pipe. 800 E 4. 7 E SL-7

1000 E 6.2 E

TI-PC-002C Int ac t loop hot les 422 to 153) K 1 Ma 3.1 K 450 E 2.8 K 55-50 Qualified.
DTT flange at top of 600 K 3.2 K 5M-55
pi pe . 800 K 4.7 K

1000 K 6.2 E

TE-PC-004 to* tom of ECC Kake 1 270 to 1530 E 1 Hs 3.1 K 350 K 2.8 E 55-51 Qualified.
(between FdE-PC-014 450 K 2.9 K SM-56
and PdE-rc-018). 550 E 3.0 K SL-8

650 K 3.6 K

TE-PC-008 Bottom of ECC take 2 ' 70 to 1530 K 1 us 3.1 K 350 K 2.8 K 55-52 Qualified..

(between FdE-PC-022 450 K 2.9 K
and FdE-PC-026). 550 K 1.0 K

650 K 3.6 K

TE-rc-011 Top of ECC Kake 2 270 to 1530 K I un 3.1 K 350 K 2.8 K SM-57 Qualifiet.
(between FdE-PC-Ol9 450 K 2.9 K

and FdE-PC-023). 550 K 3.0 K
650 K 3.6 E

TE-r139-019 Pressuriser vapor 588.6 to 644.1 K 1 Ha 0.5 K - 0.5 K 55-53 Qualified. initial
space. 0.86 m above conditions only,
the heater rods, shows hot wall

effects after blow-
down iniriation.

G. G 9. . .
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< TABLE 5-1. (continued)
1

te gipt af ter Esperiment tettiationn

Variable. Condatsoe
System. and Mes serement Recordlag Uncer t aint y Unce rt aint y Figure

Det ec tor Loc 9 tion lange Freq4ency (*g g ag g (*) g,,g,,b co,,,,,,a

TEMFE&ATURE

,

(cont i nued )
l

I nt ee t Laog
(contimeeJ)

TE-F139-020 Pressoriser liquid 284 *- - .m 1 Na 3.0 E -- 3.0 E 55-53 Qualified, initial'

eelwee. 0.36 e above conditiens sely,

i beater reds. shows bot well

j ef fect s siter blev-

down initiation.

! TE-F139-28-2 Intact loop cold leg. 550 to 620 t I da 0.6 K -- 0.6 E SM-59 Qualified, narrow
range procese
instresset,
response limited.

TE-P139-029 Intact loop cold leg. 280 to 620 K 1 Ma 2.1 E -- 2.1 E 5M-58 Qualified, process
instrument,

i

response Insited.

| TE-F439-32-1 Int ac t leep het teg. 280 to 620 K 1 ns 1,4 3 K -- 1.43 E 55- 54 Qualified, process
5M-60 inatrement.'

g.
%J reopense tiested.

Friesty Coe-
-~

Co>IInagoneat,
' SE*e

a7 -ti41 - 94 Downstress free pri- 275 to 150 E to us 0.32 E -- 0.32 E SL-9 Csatified.
mary component cooling
syetes beat eschanger.

TE-F141-95 Upstreme f ree prieary 275 to 350 E 10 Ha 0.32 E -- 0.32 E SL-10 Qualified.
j component cooling

system beat eschanger.t

Intset Loop
;

TE - SG- 001 Int ac t loop cold leg 253.2 to 977.4 E I Me 2.8 K 350 K 2.5 E 55-55 Qualified.'

2 SG eutlet. 450 E 2.6 K SM-61
550 E 2.7 E
650 E 3. 3 E

,

&

TE-SC-002 Intact loop het leg 253.2 to 977.4 E 1 Na 2.8 E 350 E 2.5 E $$-55 Qualified.
SG intet. 450 K 2.6 E SM-61

550 K 2.7 E
650 E 3. 3 E

5econJary
Coolant System

TE-$C- 00 3 SG secondary side. 255.2 to 584.6 E . Na 2.5 E 350 E 2.4 E SM-62 Qualified.
450 K 2.5 K
550 E 2.5 K
650 E 3.2 E

a

4

h

|

!
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i TABLE 5-1. (continued)
1

1
.

1 Initial Af ter Esperiment initiation

| Varianie, Condation t
t S y st es , and Me a s ure ment Rec ording incertainty Uncertainty Figare

8 (*) Readtna (*) N saberb CommentsDetector Loc a t ien H aa ge Freq+ency

j TL*PE R A TUR E '

{
(conf i sse t )

} nIowdown sup-
' p re ss i an Syst es
1

i

1 TE -SV- 002 SST, 0.3 e north of 253.2 ta 477.4 E 1 Ha 1.1 E 300 K 0.9 & SM-63 Q4alified. j
j Downconer 1, 0. 5 3 a 350 E 1.0 E !

1 east of taak center- 400 K 1. 3 K
j line, 2.36 e f rom t ana i

| bottom.

4

TE - SV -004 EST, 0. 3 e nor t h of 253.2 to 477.4 E 1 Ha 1.1 E 300 E 0.9 E 5M-64 Qualified.
townc ame r 1, 0. 5 3 a 350 E 1.0 K

; east of tank center- 400 K 1. 3 E
line, 1.45 e f rom taak

) bottom. f
i i

j TI-SV-006 BST, 0. 3 e nort h of 25 3.2 to 477.4 E 1 Ha 1.1 E 300 E 0.9 E SM-65 Qualifted.
j Downcone r 1, 0. 5 3 e 150 E 1.0 E

j east of tank center- 400 E l.) E

i line. 0.37 e f rom t ank
* Sm bottse.I CD
? TE -5V-008 EST, 0. 3 e nort h of 253.2 to 477.6 E 1 Ma 1.1 E 300 E 0.9 E SM-63 Quali f ied.
I Downconer 3, 0.53 a 350 E 1.0 K
! east of taak center- 400 K 1.3 E

line, 2.36 e f rom tank

bottoa.

|
TE-SV-010 BST , 0. 3 e nor t h o f 253.2 to 477.4 E 1 us 1.1 E 300 E 0.9 E SM-64 Qualified. !

Downeooer 3, 0.53 a 350 E 1.0 K
j east of tank center- 400 E !.3 K
j line, 1.45 e f rom t ank

j bottoe.

TE -SV-0 ! ! EST, 0. 3 e nort h of 253.2 to 477.4 E 1 Hs 1.1 E 300 K 0.9 E SM -66 Qualified.
Downconer 3, 0.5 3 e 350 E 1.0 K
east of tank center- 400 K 1. 3 K
line, 0.99 e f rom t ank

bottom.

Reac tor Vessel [

TE-IF7-015 Feel Assembly 1, E aw F , 422 to 1533 E I Ha 3.1 E 450 E 2.8 E 55-56 Qualified.
Column 7, 0. 381 a 600 E 3.2 E SM-67
a bove bot t om o f f ee l 500 K 4.7 E

I rod. 1000 E 6.2 K !

I I

TE-IF7-021 Feel Assembly 1, Row F, 422 to 1533 E I Ha 3.1 E 450 E 2.8 E 5$-56 Qualified.
Colmen 7. 0.533 e 400 E 3.2 E i

above bottom of feel 600 E 4. 7 E I

rod. 1000 K 6.2 E

O. O O :
. . .

4 I
!

._.

,
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i TABLE 5-1. (continued) ;

.

I
i taitial Af ter Emperiment initiatie ,

Co.ditt.m; <a,iable.
Measurement Eeeerding Uncert aint y Uncertalaty Figure

Detector Location Rente Frequency * ( *. ) seadina (D uumberb Casament e] System, and

I TEMPERATURE }
(continued);

Reactor vesset
.

. (coat inued)
..3.1 E 450 E 2.8 E SS-56 Qualified. [

.

4

TE-177-026 Fuel assembly 1. Row F, 422 to 1533 E 1 as
{ 600 K 3.2 E

Colume 7. 0.660 m 800 K 4.7 Ej above bottom of feet
. 1000 E 4.2 K
I rod.
a

TE-1F7-030 Fuel Assembly 1. Eow F, 422 to 1533 K 1 us 3.1 E 450 E 2.8 E 55-56 qualified. .

600 E 3.2 E SM-67
Celena 7. 0.762 a 800 K 4. 7 E
above bottom of fuel 1000 E 6.2 K
red. f

TE-1LP-001 Fuel essembly 1 lower . 341 to 977.4 E 1 na 2.7 E 350 K 2.5 E 53-57 qualified.

450 E 2.6 E SM-68 . ,

end boa. i

;- 550 K 2.6 E i
. 650 E 3.3 K ;

|
y

I TE-15T-001- Dowacomer Stalk 1, 253.2 to 977.4 E 1 us ' 2. 7 K 350 E 2.1 E 55-58 Qualified. t;
450 K 2.6 E SM-69

-

[
! & 4.8 m from RV bottom. 550 K 2.7 E i* 650 E 3.3 E ?.

?

75-157-002 Downconer Stalk 1, 253.2 to 977.4 E 1 na 2.7 E 350 K 2.5 E SM-69 qualified..
450 E 2.6 E

4.2 e from RV bottom. $50 E 2.7 E
d 650 K 3.3 K

TE-IST-005 Dowacomer stalk 1, 253.2 to 977.4 E 1 us 2.7 E 350 K 2.5 E SM-69 Qualified.
j

450 E 2.6 E
.

550 K 2.7 E [2.37 e from RV bottom.
i 650 K 3.3 E

l

TE-IST-009 Dowacomer stalk 1, 253.2 to 977.4 K . I us 2.7 E 350 K 2.5 E SM-70 Qualified. I
450 E 2.6 E

[0.64 m from RV bottom. 550 K 2.7 E
!

| 650 K 3.3 E
4 . >

TE-IST-013 Dowmeomer stalk 1, 253.2 to 977.4 E 1 us 2.7 E 350 E . 2.5 E 5N-70 qualified.e ,
1

450 K 2.6 Kj- 0.24 e from RV bottom. 550 E 2.7 E
! 650 K 3.3 E
k

TE-1UF-001 Fuel Assembly 1 upper 311 to 977.4 E 1 us 2.9 K 350 K 2.5 E 55-59 Qualified.
9

450 K 2.6 E Su-71
|! end boa. 550 K 2.6 K
Ij 650 E 3.3 E t

}
TE-2G14-011 Cladding on Fuet 422 to 1533 E 1 us 3.2 E 450 E 2.8 K 55-60 qualified. [1

4 '

600 K 3.2 E SM-72
Assembly 2, Row C, 800 K 4.7 Eg Colume 14 at 0.28 mi above bottom of fuel 1000 E 6.2 E

4|
J

rod.

:
a

1
.

L
+ - . - . _ . _ - , . . ,, . , -
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TABLE 5-1. (continued) !

l':

Initial Af ter Kaperiment Initiation
[

j Variable. Condition i

! Syst em, and Mea surement Recording Uncertainty Uncertainty Figure
a d) Reading ( *. ) Numberb C - ntsi Detector Loc a t ion R en te F re quenc y

)
i TEMPKKATURE

} ( cent inued )
i
1 Reactor vessel
! (con t i nued )

Ij TK-2G14-030 Cladding on Fuel 422 to 1533 K i Ha 3.2 K 450 K 2.7 K 55-60 Qualified.
Assembly 2, Kow C, 600 K 3.2 Ki

{ Column 14 at 0.76 m 800 K 4. 7 K
I

i above bottom of fuel 1000 K 6.2 K

j rod.

I

J TK-2G14-045 Cladding on Fuel 422 to 15 3 3 K 1 Ha 3.2 K 400 K 2.7 K $$-60 Qualified.
,

1 Assembly 2, Kow C, 600 K 3.2 K SM-72 |

) Column 14 at 1.14 m 8')0 K 4.7 K
- above bot tom of f uel 1000 K 6.2 K
j rod.

TK-2H01-037 Cladding on Fue t 422 to 1533 K 1 Ha 3.1 K 400 K 2.7 K SS-6i Qualified.
Assembly 2, Kow H, 600 K 3.2 K 5M-73'

Column I at 0.94 m 800 .. 4. 7 K i

above bottom of f uel 1000 K 6.2 K
LA rod.
O i

ITK-2H02-028 Cladding on Fuel 422 to 1533 K 1 Hs 3.1 K 400 K 2.7 K SM-73 Qualified.
! Assembly 2, Kow H, 600 K 3.2 K
1 Coluien 2 at 0.74 m 600 K 4. 7 K

f above bottom of fuet 1000 K 6.2 K

; rod.
t
1 TK-2H02-032 Cladding on Fuel 422 to 1533 K 1 Hs 3.1 K 400 K 2.7 K SM-73 Qualified. i

j Assembly 2. Kou H, 600 K 3.2 K i

Colman 2 at 0.81 m 800 K 4.7 K [;
* above bottom of fuel 1000 K 6.2 K I

| rod.

I
; TK-2LF-001 Fuel Assembly 2 lower 311 to 977.4 K 1 Ha 2,7 K 350 K 2.5 K 55-62 Qualified,

q end bon. 450 K 2.6 K SM-74 j

550 K 2.6 K
650 K 3.3 K

,

TK-2ST-001 Downconer Stalk 2, 253.2 to 977... K 1 Ha 2.7 K 350 K 2.5 K 5M-75 Qualified, f
4.8 m f rom RV bottom. 450 K 2.6 K :

550 K 2. 7 K
650 K 3. 3 K

4K-2ST-005 Downcomer Stalk 2 25 3.2 to 9 77.4 K 1 Ha 2.7 K 350 K 2.5 K 5M-76 Qualified.
2. 37 e f rom RV bot tom. 450 K 2.6 K

550 K 2.7 K
650 K 3. 3 K

T K- 21'P-00 3 Fuel Assembly 2 upper 311 to 977.4 K 1 Ha 2.9 K 350 K 2.5 K 5S-63 Qualified,
end boa. 450 K 2.6 K SM-77

550 K 2.6 K i

650 K 3. 3 K l

I

l

l

e. e e. . .
.

- - - - --___ _ ___ ----____ ___ - - - . _ .
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TABLE 5-1. (continued)

Initial Af ter taperiment Initiation
Condition

Variable.
Measurement Recording Uncertainty Decertainty Figure

b CommentsSystem, sad Freemency* (*) Reading (*) Number
Detector Loc at ion tanse

TEMPERATURE
(continued )

Reactor vessel
(continued *

TE-3cil-039 Cladding on Feet 422 to 1531 K 1 Rs 3,2 K 450 K 2.8 E 5s-64 Qualified.
600 E 3.2 E $M-78

Assembly 3. Row C. 800 E 4.7 K
Colwen 11 at 0.99 m 1000 K 6.2 E
above bottom of f ee t
rod.

TE-3LP-001 Feel Assembly 3 lower 311 to 977.4 K t Ms 2.6 E 350 E 2.5 E 55-65 qualified,

450 K 2.6 K SM-79
end boa. 550 K 2.6 K

650 K 1.3 K
.

TE-3UF-001 Feel Assembly 3 upper 311 to 977.4 E t us 2.9 K 350 K 2. 5 E Ss-66 Qualified.
450 E 2.6 K

end bos. $50 K 2.6 K
650 K 3.3 K

1

Ln TE-3UF-002 Fuel Assembly 3 upper 311 to 977.4 E 1 us 2.9 K 350 K 2.5 K 5M-80 Qualified.
450 K 2.6 K

end bos.,

$50 K 2.6 K""

650 E 3.3 K

TE-3UF-003 Feet Assembly 3 311 to 977.4 E 1 Hs 2.8 K 350 K 2. 5 K 55-66 Qualified.
450 K 2.6 K

support colema above 550 E 2.6 K
By nossie. 650 K 3.3 K

! TE-3UF-004 Fuel Assembly 3 311 to 977.4 K 1 Hs 2.8 K 350 K 2.5 E 55-66 Qualified.
1

450 K 2.6 E
-

support column above 550 K 2.6 K
# RV nossle. 650 K 3.3 K

TE-3UP-006 Support column. 311 to 977.4 K 1 Hs 2.8 K 350 K 2. 5 E 55-67 Qualified.
450 E 2.6 E 5M-81

550 K 2.6 K4

650 E 3.3 K

1 TE-3UF-008 Liquid levet transducer 311 to 977.4 K 1 us 2.8 K 350 K 2.5 K 55-64 Qualified.1

450 K 2.6 E 5M-82
above Faet Assembly 3. 550 K 2.6 E

650 E 1.3 K

TE-3UF-010 Liqaid level transducer 311 to 977.4 K t Hs 2.8 K 350 K 2.5 E 53-69 Qualified.
450 E 2.6 Kabove Feel As&#sbly 3.
550 K 2.6 K
650 K 3.3 K
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TABLE 5-1. (continued)

Initial Af ter Esperiment taitiation
variable, Condition
System, and Measurement Recording Uncertainty Uncert aint y Fi ere8
Detector Loc a t ion Range Frequencya (*1 ReaJing (!) numberb Comments

TEMFKKATURE

(conti nued )

Reactor vessel
{ cont i nued b

TK-5D6-039 Cladding en Furt 422 to 1533 K I na 3.2 K 450 K 2.8 K SM-88 Qualified.
Assembly 5. Kow D, 600 K 3.2 K
Colmma 6 at 0.99 m 800 K 4.7 K
above bottom of fuel 1000 K 6.2 K
rod.

TK-5K8-015 Clodding on Fuel 420 tw 1810 K 1 us 4.I K 453 K 3.8 K 55-72 Qualified.
Assembly S. Row K, 600 K 4.2 K
Column 8 at 0.38 m 800 K 5.2 K
above bottom of f uel 1000 K 6. 7 K
rod.

TK-5K8-034.5 Clsdding on Fuel 420 to 1810 K 1 Ma 4.2 K 450 K 3.8 K $$-72 Qualified.
Assembly S. Kow K, 600 K 4.2 K SL-II
Column 8 at 0.od e 800 K 5.2 K
above bot tom of f uel 1000 K 6. 7 K

La cod.
La

TK-5K8-049 Cladding on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K 55-72 Qualified.
Assembly 5. Row K. 600 K 3.2 K
Column 8 at 1.24 m 800 K 4.7 K
a bove bot t om o f f ee t 1000 K 6.2 K
rod.

TK-589-011 Cladding on Fuel 422 to 1533 K 1 us 3.1 K 450 K 2.8 K Ss-73 Qualified.
Assembly 5, Row F. 600 K 3.2 K 5M-89
Colman 9 at 0.28 o 800 K 4.7 K
above bottom of f uel 1000 K 6.2 K
red.

TK-5F9-030 Clodding on Fue! 420 to 1810 K 1 us 4.2 K 450 K 3.0 K 55-73 Qualified.
Assembly 5, Row F, 600 K 4.2 K 5M-89
Coluen 9 at 0.76 m 800 K 5.2 K
above bottom of f uel 1000 K 6. 7 K
rod.

TK-5F9-045 Cladding on Fuel 422 to 1533 K 1 as 3.2 K 450 K 2.8 K 55-73 Qualified.
Assembly 5. Row F, 600 K 3.2 K 5M-89
Column 9 at 1.14 m 800 K 4.7 K SU-10
ab*ve bot tom of fuel 1000 K 6.2 K
rod.

TK-5F9-062 Cladding on Fuel 422 to 1333 K 1 as 3.2 K 450 K 2.8 K Ss-73 Qualified.
Assembly 5, Kow F, 600 K 3.2 K SM-89
Column 9 at 1.57 m 800 K 4.7 K
above bottom of f uel 1000 K 6.2 K

rod.
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i TABLE 5-1. (continued) i

lattial Af ter Esperiment initiaties

) Variable, Condition

I Systee, and M*asarement Kecording Uncer t aint y Unc er t aint y Figure
a (*) Reading f') Weberb Commentsi Detector Loc a t t on Range Freq*ncy

TEMPEKATUKE

| (cont inued )

Reactor vessel
l { cont i nued )
I
; TE-%6-011 Cladling on Fuet 422 to 1533 K 1 Hs 3.1 K 450 K 2. 8 K 55-74 Qualified.
j Assembly 5, low C. 600 K 3.2 K

Column 6 at 0.28 m 800 K 4. 7 K
q

1 above bottom of fuel 1000 K 6. 2 K
tod.

1

] TE-%6-010 Cladding os F. set 422 to 15 3 3 K 1 Ha 3.2 K 450 K 2.8 K S$-74 Qualified,

j Assembly 5, Kod C, 600 K 3.2 K
1 Column 6 at 0.76 m 800 K 4. 7 K

) above bottom of fuel 1000 K 6.2 K
rod.

8 TE - %6-045 Cladding on Poet 422 to 1533 K l Hs 3.2 K 450 K 2.8 K SS-74 Qualified.
Assembly 5, Kow C, 600 K 3.2 K SM-90
Column 6 at 1.14 m 800 K 4. 7 K:

d above bot t om o f f ue l 1000 K 6.2 K
$ tA rod.

i *
'

TE- %6-062 Cladding on Fuel 422 to 1533 K 1 Ha 3.2 K 450 K 2.8 K 55-74 Qualified.
Asseshly 5, Raw C, 600 K 1.2 K |
Column 6 at 1.57 m 800 K 4.7 t

above bottom of fuel 1000 K 6.2 K
rod,

1
t

| TE-SC8-008 Cladding on Fuel 422 to 1533 K 1 Ma 3.1 K 450 K 2.8 K 54-91 Qualified.
'

Assembly 5, low G, 600 K 3. 2 K
j Column 8 at 0.20 m 800 K 4. 7 K
t above bot t om o f f ue l 1000 K 6.2 K

j rod.

TE-5G8-026 Cladding on Fuel 410 to 1820 K 1 Hs 3. 2 K 450 K 3.8 K SM-91 Qualified.
j Assembly 5, Kow C, 600 K 4. 2 K

i Column 8 at 0.66 m 800 K 5.2 K i

]*
above bottom of f uel 1000 K 6.7 K

-

rod.

) TE- % 8-058 Cladding on Fuet 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K SM-91 Qualified.
| Assembly 5, tow C, 600 K 3.2 K
i Column 8 at 1.47 m 800 K 4.7 K
! above bottom of f uel 1000 K 6.2 K
j rod.
t

i TK-56-002 Cladding on Fuel 422 to 15 33 K 1 Hs 3.1 K 45" * 2.8 K 55-75 Qualified.
| Assembly 5, Kow H, 60 K 3.2 K SM-92
l Column 5 at 3.05 a 800 K 4. 7 K
5 above bottom of f uel 1000 K 6.2 K

rod.

t

!

1

l

i
I

i

| 9 9 9. . .
.

i

_ _ ___



. - _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._. _- _ -_

. , * <

a

t

!

TABLE 5-1. (continued)

taitial Af ter Esperiment laitiation
Variable, Condition
System. and Mea s uremen t Recording Uncertainty Uncertainty Figure
Detector Loc a t i on Range Frequencya (t) g,44i,g (!) y,,g,,b Comments4

TEMPKKATURE
} (con t inued )

teactor vessel
( cont inued )

t

TK-5HS-015 Cladd an8 on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K 55-75 Qualified.4 Assembly 5, now H. 600 K 3.2 K
Column 5 at 0.38 m 800 K 4.7 K
above bottom of f uel 1000 K 6.2 K

; red.
s

TK-5H5-034.5 Claddins on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K 5$-75 Qualified.7 Assembly 5 Row H, 600 K 3.2 K
Column 5 at 0.88 m 800 K 4.7 K

i above bottom of fuel 1000 K 6.2 K
f rod.
1
j TK-5HS-0*9 Cladding on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K 53-75 Qualified.j Assembly 5, Row H, 600 K 3.2 K SM-92

Column 5 at 1.24 m 800 K 4.7 K
i

' above bottom of f uel 1000 K 6.2 Kj La rod.
Om

j TK- 518-008 Cladding on Fue! 422 to 1533 K 1 Hs 3.1 K 450 K 2.8 K SM-93 Qualtfied.
j Assembly 5. Row I, 600 K 3.2 K

4 Column 8 at 0.20 a 800 K 4.7 K
| above bottom of f uel 1000 K 6.2 K

rod.

TK-St8-058 Cladding on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K 5M-93 Qualified.
Assembly 5. Row I, 600 K 3.2 K
Column 8 at 1.47 m 800 K 4.7 K
above bottom of f uel 1000 K 6.2 K
rod.

TK-5LP-001 Fuel Assembly 5 tower 311 to 977.4 K 1 Hs 2.7 K 350 K 2.5 K SS-76 Qualified.
end bon. 450 K 2.6 K 5M-94

550 K 2.6 K'
650 K 3.3 K

l
4 TK-5L8-011 Cuide tube for Fuel 422 to 1533 K 1 Hs 3.1 K 450 K 2.8 K 55-77 Qualified.
: Assembly 5. K4w L, 600 K 3.2 K SM-95
I Column 8 at 0.28 m 800 K 4.7 K
f above bottom of fuel 1000 K 6.2 K
; tod.

TK-5L8-024 Guide tube for Fuel 422 to 1533 K 1 Hs 3.1 K 450 K 2.8 K 55-77 Qualified.- Assembly 5, Row L, 600 K 3.2 K
| Column 8 at 0.61 m 800 K 4.7 K

above bottom of fuel 1000 K 6.2 K
| rod.

I

I

1

I

|

_ _ __
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! TABLE 5-1. (continued) '

~

laitial Af ter Esperi ent laitiation

Variable. Condition |
system, and Measurement Recording 'Jace r t a int y Decertainty Figure

b CommenteDetector Location aante Fretency* (*) teadina (*) UNeober

TDtPERATURE
(continued )

Int ac t Loop

| TT-F139-032 lat ac t loop het les 533 to 616 K I us 0.5 K - 0.5 E 5s-81 Qualified far
primary coolant. SM-101 Laitial condittees
Channel A, only,

f TT*Fi39-033 lat ac t loop het les 533 to 616 K 1 Bs 0.5 K ~ 0.5 K 5n-101 Qualified for <

primary coolant, lettial conditione I
Channel R. only. j

t
e

,

i

a. Recording f requency is the measurement channel bandwidt h at the *3-d5 level. ,
,

I

b. Figure number refers to the figure caption on plots in section 5 for short , medium , and long-tere and uncertainty plots which are indicated as s. M. [
L, and U, respectively.

e. Reference 6.
i t.m
4 4
| d. Reference 7
e

! e. The steam generator level is defined so 0 at 2.95 m above the top of the tube sheet ,
h

t

I f. Pressure measuremente are presented as absolute values. !
! I

l

.

*

i
i

!
t

i !

i

i

k |

$ f

!

,

, , - ,, ._ _ . _ . - _ _, _ _ _ _ . _ _ . _ , _ . . - _ _ _ _ _. _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.

_ _ _ _ _ _
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TABLE 5-2. COMPUTED VARIABLES FOR EXPERIMENT L3-7

Variable, Location,
and Detector Units Uncertainty Calculation Method Figure Consnen t s

DENSITY, MERACE Mg/m3 a Except where the density distribution The individual beam densities
reduces to an average directly, the were averaged over 1-s inter-
following method is used to determine vals to reduce the sample rate
the average density: from 80 samples per second

prior to being used in the
1. A calculated density profile is average calculation.

determined from an assursed dis-
Broken Loup Cold Leg tribution which has been " fit" SC-2 Qualified after reactor scram,

to each beam measurement. 5C-6
DE-BL-1A (P ) These are o;timised as shownA
DE-BL-18 (DB) DE-BL-105 10.076 below. 5C-2 Qualified after reactor scram.
DE-BL-IC (P ) 5C-6

C
u 2. The least squares curve fits 50-19
"

Intact Loop Hot Leg are compared to determine
the optimuts assurned densit y

DE-PC-2A (p ) profile to fit the data.g
DE-PC-25 (Dg) DE-PC-215 +0.10 5C-3 Qualified after reactor scram.
DE-PC-2C (DC) 3. The best profile is area 5C-7

averaged to give average SU-19
density by

D= 1/A [p (r)dA

where

A = cross-sectional area
of the pipe

p(r) chordal profile.=

The assumed proflies are as
follows:

G. G 9. . .
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| TABE 5-2. (continued)
!
2

! !

1 variable, Location, !

I and Detector Units Uncertainty Calculation Method Figure Comments

DENSITY, AVERACE (continued) Mg/m3 1. For homogeneous flow, the
;
- average results directly in
.
.

j _

(p *E *
A B Cp =,

i 3

) where pA' PB, and P s *
C

i density along gasssa densitometer
*

beam lines A, B, and C.
5

! 2. For tilted stratified flow, j.
1

p -p
I I

p(r) = p - 1 + exp [-4a(x-b}]i

|' where
'

two adjustable Iy a and b =

, parameters
I

| pg g = gas and liquidandp

j densities
,.

t

i

j x = position in maximum
i density gradient
j direction.

1

j 3. For annular distribution,

i p* for r < R-D
!" 6) =

Pt for r > R-D
,

j where Oc and D are two
j adjustable parameters.
1
; 4. Eccentric annular is the same
4 as annular, except.that the !.
! core region may be vertically !

I displaced from the pipe center. |

! I
i 1

1 (

i !
! 1
-

!

I
i
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TABIE 5-2. (continued)

Variable, Location,
and Detector Units Uncertainty, Calculation Method Figure Comments

DENSITY, AVERACE (continued) Mg/m3 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 pi

5 = 0.34485 PA + 0.40034 03

+ 0.25481 P -C

FLUID VELOCITY m/s

Intact Loop Mot Leg

PNE-PC-2 +20% of The output from the detector is 5C-4 Qualified; discrete values

8 reading algebraically summed to give one plot SC-13 qualified, not continuous
of counts versus time for each puls- 5U-21 data,

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 wasLIQUID LEVEL m
interpreted from the voltage out-
put of the conductivity probes
using the following criteria

Downcomer and Lower Plenum 1. A response time of 550 ms
during dryout was assumed.

LE-IST-1 b 5C-10e Qualified.

9 9 9. . .
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TABI2 5-2. (continued)

Variable, Location,
and Detector Units Uncertainty Calculation Method Figure Comments

LIQUID LEVEL (continued) a 2. The void fraction is assianed to
vary linearly with the voltage.

Upper Plenum The maximum voltage measured
during the test from each

LE-3UP-1 b probe is an indication of SC-12C Qualified.
100% void.

Core 3. When there is a change in phase
from water to steam, an X is

LE-IF10 b indicated for void fractions 5C-9c Qualified.
LE-3F10 less than 15% with the space SC-11c Qualified.

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 85%
with the space left blank for
void fractions greater than 85%.

Engineerinp 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.

MASS FLOW RATE kg/s +10% The first 25 e of the mass flow rate
of reading was obtained by subtracting changes

Broken Loop Cold Leg in mass inventory in the PCS due to
density changes from the mass flow ,

FR-BL-111 rate out of the pressuriser. Data SC-1 Qualified to 1800 s.
were unavailable between 25 and SU-1
75 s. Linear interpolation was
used to approximate the mass flow
during this interval.



.__

2

l

TABLE 5-2. (continued)

Variable, Location,
and Detectors Units Uncertainty Calculation Method Figure Comment s

MASS FLOW RATE (continued) 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.

Secondary Coolant System

FR-P004-107 0.2 The SCS mass flow rate was calcu- SC-8 Qualified; negative values
lated using the equation: should read zero, but are

within measurement uncer-
d'(5.777) (1.007) tainty.&= P

$ 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.

FLUID SU5 COOLING K The subcooling is defined as T at*T-s
The saturation temperature is cal-

Upper Plentna culated from the pressure reading of
PE-1UP-001A1 using the following

14 curve fits of stean table data: SC-5 Qualified.3SC-5UP-102
SC-14

for P < 1.4 MPa,
T = 348.225 - 290.13Psat

+ 399.543P2 + 298.730P3
- 84.196P4

for 1.4 MPs < P 1 12 MPa,
T .e = 419.024 + 42.6705P

- 5.63957P2 + 0.433108P3
- 0.0130329P4

9 O O. . .
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) TABLE 5-2. (continued)
I

f
Variable, Location,

;
and Detector Units Uncertainty Calculation Method Figure Comments i

i
for P > 12 MPa, !

;
T..e = 508.252 + 8.84806P '

j - 0.ll4572P ,2 '

'The measured temperature is an
average of TE-5UP-1 througa !

TE-SUP-8.

I

i*
4 a. Reference 8.
i.

,

.

!

t

j b. The uncertainty in each conductivity probe for (a) LE-IST-1 is 14.5% of range and (b) LE-IF10, LE-3F10, and LE-3UF-1 is ' !
; 12.9% of range. All conductivity probes have a response time of 340 ms.

!
3 @

[! c. Uneven intervals on the Y-axis are due to failed instruments.
*

,
1
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>

| t
,

t

!
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Figure SS-10. Fluid density (in intact loop hot leg. chordal density(DE-PC-002A) qualified after reactor scram).
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Figure SS-II. Pluid density (in intact loop hot leg chordal density(DE-PC-0028) qualified after reactor scram).
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Figure SS-12. Fluid denelty(quallfled after resetor scram).(DE-PC-002C)
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Figure SS-11 Flow rate in intact loop hot les venturi (M-P130-27-1)

(qualified for initial conditions only).
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Pisure SS-r?. Plow rate in intact loop hot les venturi (PT-Pl?s-27-3)

(quellfled for initial conditions only).
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Pigure 58-19. IJguld level in Imaken loop steem generator simulator outlet

to top (LEPdE-BL-014) (quellfled, unexplained long term drift
should read 4.S9 m at 1200 s).
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TlWE AFTER RUPTURE (s)
Pigure 58-20. Uguld level in intact i between bottom of loop seal and

steem generator outlet ( E-PC-021) ( lified. unexplained
long term drift should read 1.55 m at I s).
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Pigure 58-21.1.iquid level in intact loop between bottom of loop seal and

primary coolant Pump 2 inlet (LEPdE-PC-028) (qualified).
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TlWE AFTER RUPTURE (s)
Pigure 58-22, id level in blowdown suppremelon tank. north end

v (L -P130-033) (qualified).
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Plgure S5-23. L.'.guid level in blowdown suppression tank, south end

(LT-M30-OS0) (qualified).
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TIE AFTER RUPTURE (s)
.

Pisurv SS-24. IJguld level in presourlaer (LT-M30-00F) (quallfled,
maximum measurement raner equals IA m).
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TlWE AFTER RUPTURE (s)
Figure SS-25. Momentum flux in intact loop hot leg tyIT rake at

middle and top of pipe (ME-PC-002B and -002C) (qualified).
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TIME AFTER RUPTURE (s)
Figure SS-2tL Momentum flux in tweetor vessel Downcomer Stalk 1.1.16 m

above reactor vessel bottom (ME-IST-001) (qualified).\
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TIME AFTER RUPTURE (s)
Pigure SS-27. Momentum flux in reactor vessel above upper end box of Puel

Assembly 5 (ME-SUP-001) (qualified).
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TlWE AFTER RUPTURE (s)

Figure SS-28. Differential pressure in broken loop). cold leg across smallbreak orifice (PdE-BL-002) (qualified
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TlWE AFTER RUPTURE (s)
Figure SS-29. Differential pressure in intact loop across primary coolant

Pumps 1 and 2 (PdE-PC-001) (qualified).
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TlWE AFTER RUPTURE (s)
h Pigure S8-30. Differwntial p(ressure in intact loop across the steam generator(PdE-PC-002) quallfled).(
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TIME AFTER RUPTURE (s)
Pigure 58-31. Differential pressure in intact loop hot les from reactor vessel

outlet to steem generator inlet (PdE-PC-003) (qualified,
negative values indicate voiding in the reference les).
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TlWE AFTER RUPTURE (s)

Plgure 58-32. Differential pressure in intact loop cold leg from primary )coolant pump discharge to reactor vessel inlet (PdE-PC-OtE
(quellfica, negative values are within measurement uncertainty).
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TlWE AFTER RUPTURE (s)

Figure SS-II. Differential p(ressure in inteet loop acrose pressurizer surge line(Pd E-PC-DOS) qualified).
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TlWE AFTER RUPTURE (s)
Plgure SS-34. Differential pressure in reactor vessel from vessel top to

intact hot leg outlet (PdE-RV-02) (quallfled, nos
compernb measurement).
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TlWE AFTER RUPTURE (s)
Pigure 58-35. Differential pressure for primary coolant flow Channel A

(Puff-P130-27-1) (qualified, good for initial conditions only).
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TlWE AFTER RUPTURE (s)
Figure 58-38. Differential pressure for primary coolant flow Channel B

(Puff-P139-27-2) (qualified. Rood for initial conditions only).
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TlWE AFTER RUPTURE (s)
Pigure SS-:F7. Differential pr eeure for primary coolant flow Channel C

(Pufr-P130-27-3) (qualified. good for initial conditions only).
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TlWE AFTER RUPTURE (s)0 Pigure SS-38. Differential p)ressure in intact loop acrees reactor vessel(Pufr-P139-030 (qualified. good for inittai conditions only).
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TlWE AFTER RUPTURE (s)
Plgure J6-30. Pressure in broken loop cold les (PE-BL-001) (qualified).
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TlWE AFTER RUPTURE (s)
Figur, 58-4a Pressure in broken loop hot leg downstream of pump simulator

(PE-BL-Otrl) (quattridl
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Figure SS-41. Pressure in broken loop cold leg 8-inch pipe (PE-BL-005)

(quattried).
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Figure S8-42. Pressure in intact loop cold les (PE-PC-tBI) (aguelilledk
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TlWE AFTER RUPTURE (s)
Fisum as-43. Pivesure in intact loop hot leg (PE-PC-002) (qualifM).
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mm as-44. Pmesum in pressuriarr (PE-PC-004) (qualifMk
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TIME AFTER RUPTURE (s)
rigure SS-45. Reference pressure in intact Icop between steem generator

outlet and pump inlet (PE-PC-005) (qualified).
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TlWE AFTER RUPTURE (s)
Figure SS-49. Coolant temperature in broken loop cold les (TE-BL-0018)

(qualirted).
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TlWE AFTER RUPTURE (s)
Figure 38-50. Coolant temperature in intact loop hot IFFT rake at bottom,

middle, and top of pipe (TE-PC-002A, - and -002C)s
(qualirled)
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TlWE AFTER RUPTURE (s)
Pigure SS-St. Coolant temperature in intact loop c.r'd leg at bottom of

BCC rake 1 (TE-PC-004) (qualified).
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TIME AFTER RUPTURE (s)
Figure SS-52. Coolant temperature in intact loop cold leg at bottom of

IIT rake 2 (TE-PC-000) (qualified).
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TlWE AFTER RUPTURE (s)
Figure 58-53. Fluid temperature in intact loop pressuriser vapor and Ilquid

e (TE-F13D-Ol9 and -000) (qualified, initial conditions only.
we hot wall effects after blowdown initiation).
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TlWE AFTER RUPTURE (s)
Figure SS-S4. Coolant temperature in intact loop hot les (TE-P139-32-1)s (quellfled. process instrument response limitedL
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TIME AFTER RUPTURE (s)
Pigure SS-SS. Pluid temperature i s intact loop steam generator inlet and

outlet plenums (TE-SG-001 and -002) (qualified).
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1.WE AFTER RUPTURE (s)
Figure 58-56. Cladding temperature in reactor vessel at Puel Assembly 1.

Row P. Cohamn 7 at E38. 0.53. GAB. and 0.76 m above bottom
of fuel rod (TE-IP7-015. -021. -028. and -030) (qualified).
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TlWE AFTER RUPTURE (s)
Figure 58-57. Coolant temperature in resetor veneel at lower end box of Puel

Assembly 1 (TE-II.P-001) (quallfled).
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TlWE AFTER RUPTURE (s)
rigure SS-SS. Coolant temperature in resetor vessel at Downcomer Stalk f.

4A m from rvector vessel bottom (TE-IST-001) (quellfled).
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Tine AFTER RUPTURE (s)
Flaure 3s-50. Coolant tem ture in reactor vessel at upper end box of ruel

Aenembly 1 -10P-001) (qualtfledh
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TIME AFTER RUPTURE (s)
Plaure 58-60. Cloddina temperature in remetor veneel at ruel Assembly 2.

Now G. Column 14 at 020. 0.76, and 1.14 m above bottom of
fuel red (TE-2014-Oll. -tI30 and -045) (qualifiedh
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TIE AFTER RUPTURE (s)
Figure 50-61. Cladding temperature in reactor vessel at Fuel Assembly 2

M. column 1 at E94 m above bottom of fuel red
-2H01-OtrF) (aquellflod)
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TIE AFTER RWTURE (s)
Figure 58-82. Coolant temperature in reactor vessel at lower eeut box of

Fuel Assembly 2 (TE-2LP-001) (<gualiftedks
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TlWE AFTER RUPTURE (s)
Figure 35-63. Coolant temperature in rinctor veemet at upper end box of

Fuel Assembly 2 (TE-2tJP-OG3) (quellflod).

- . , , , , . , , , ,

_ _ _
TE-3C11-039 :

_

, 000 -

U

$=
-
4
at

1- 1
' s-

570 %
m m.

' s i
*_a '%1

O 7 m

300 , w
' %

'

q;;;;;;=a
'

900
-400 0 400 000 1300 1000 3000

TIE AFTER RUPTURE (s)
Figure SS-64. Cladding temperature in tweetor vessel at Fuel Assembly 3.

Itow C. Column 11 at 0.00 m above bottom of fuel rod
(TE-3C11-RW) (quallfledt
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TlWE AFTER RUPTURE (s)
Figure SS-85. Coolant temperature in reactor vessel at lower end box of Puel

Assembly 3 (TE-3LP-001) (qualified).
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TlWE Al TER RUPTURE (s)
Pigure SS-08 Coolent temperature in tweetor vessel upper enti box and r.bove

outlet nousic at support column of Puel Assembly 3
(TE-3UP-001. -CIXI, and -004) (qualified)
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TlWE AFTER RUPTURE (s)

Figure SS-87. Metal temperature on upp(er core support column of PuelAsrembly 3 (TE-3UP-006) qualified).
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TlWE AFTER RUPTURE (s)
Pigure SS-88. Coolant temperature in reactor vessel at liquid level sting|

above Puel Assembly 3 (TE-3UP-008) (qualified).I
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TlWE AFTER RUPTURE (s)
Figurr $8-ee. Coolant temperature in reactor vessel at liquid level sting above

Puel Assembly 3 (TE-3UP-010 and -012) (qualified).
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TIME AFTER RUPTURE (s)
Pigure S8-70. Cholant temperature in reactor veneel at liepaid level sting above

Puel Assembly 3 (TE-3UP-015 and -016) (qualified 1"
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TIME AFTER RUPTURE (s)
Pigure 58-71. Coolant temperature in reactor vessel at lower end box of

Puel Assembly 4 (TE-4LP-003) (qualified).
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TlWE AFTER RUPTURE (s)
Pleure 58-72. Cladding temperature in reactor veneel St Puel Assembly S.

Row E. Column 3 at 0.33. 0m, and 124 rr above bottom of
fuel rod (TE-SEB-0IS. -(D4.5, and -049) (quallfled).
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l TlWE AFTER RUPTURE (s)
| Figure SS-73. Cladding temperature in reactor vessel at Fuel Assembly S.

Row F. Column 9 at 028. 0.76.1.14. and 1.S7 m above bottom
of fuel rod (TE-SP9-Oll. -030. -045, and -082) (qualified).
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TlWE AFTER RUPTUff (s)
'

Figure SS-M. Claddina tesaperature in reactor vessel at Fuel Assembly S.
Row C. Column 6 at Q28 (L78.1.14. :end 1.57 m above bottom
of fuel red (TE-SG6-Oll. -tKIO. -045, and -082) (qualified).
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Pisure SS-75. Cladding temperature in reactor vessel at Puel Assembly S.
Row H. Column S at 0.05, 0.38. 028. and 1.24 m above bottom
of fuel rod (TE-SH5-002. -015. -03d S- and -049) (qualified).
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TlWE AFTER RUPTURE (s)
Pleure SS-7tL Cholant temperaturv in reactor vessel at lower end box of Puel

Assembly S (TE-SLP-001) (qualif6ed).
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TlWE AFTER RUPTURE (s)
Figure SS-77. Culde tube temperature in reactor vessel at Puel Assembly S.

Row I. Column s at 025, 0.61. 0.99, and 1.14 m above bottom
of guide tube (TE-SL8-Oll. -024. -039. and -045) (quellfied).
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| TIME AFTER RUPTURE (s)
Pleurv $8-70. Coolant tem ture in reactor vessel at upper end how of Puel

Assembly 5 -SUP-0DI) (quallfled).
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TlWE AFTER RUPTURE (s)
rigure SS-Ol. Coolant temperature in intact loop hot leg. Channel A
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Figure SM-15. Steam flow rate at condenser inlet (PT-P004-012) (qualified).
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Pisure SM-IS. Plow rate in ECCS 1.PIS Pump A discharge (PT-P120-005)
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Pisure SW-17. Flow rate in HPIS Pump A discharge (PT-P120-104)
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Pleure SM-10. Liquld level in broken loop steem Generator simulator, inlet
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Figure SM-19. IJquid level broken loop steem generator simulator, outlet

to top (LEPT.1 -BL-014) (quallfled, unexplained long term dr,rt
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Figure SM-2'. Liquid level in intact loop between bottom of loop seal and

pr;1 mary coolant Pump 2 inlet (LEPdE-PC-028) (qualified).
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TlWE AFTER RUPTURE (s)
Pigure SW-22. Uquid level in BCCS Accumulator A (UT-Pl20-044)

(qualified, uncertainty of + or - S percent due to pressure
sensitivit y).'
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TIME AFTER RUPTURE (s)
Pisure SM-21 Liguld level in blowdown suppression tank, north end
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TlWE AFTER RUPTURE (s)
Pigure SM-28. IJguld level in pressuriser (LT-P139-007) (quallfled.

\ maximum measurement rsnge equals 1A mL
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Figure SW-27. Womentum flux in intact loop hot les )DTT rake at middleand top of pipe (ME-PC-0025 and -002C (qualified).
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TlWE AFTER RUPTURE (s)
Figure SW-28. Differential pressure in broken loop cold les across small

break orifice (PdE-BL-002) (quallfledt
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TIME AFTER RUPTURE (s)
Figure SM-29. Differential pressure in reactor vessel from vessel top to

intact loop hot leg outlet (PdE-RV-005) (quallfled, no
comparabw measurement).
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Figure SM-:ML Differential p(ressure in blowdown suppression tank (PdE-SV-ODIT quellfled, good for inittel condR6ene onlyk
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TlWE AFTER RUPTURE (s)
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Figure SM-30. Preneum in blowdown suppreselon tank heeder above Dauncomer 1
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Pigure SM-57. Coolant temperature in intact loop cold leg at top of ECC
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Figure SM-85. Fluid tem ture in blowdown supptveston tank (L99 m above tank
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Pigure SM-71. Coolant tem reture in reactor vessel at upper end box of Pt.el
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Figure SM-72. Cladding temperature in reactor vessel at Puel Assembly 2.

Row C. column 14 at 023 and 1.14 m above bottom of fuel
rod (TE-2G14-Oli and -045) (quallfledh
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Figure SM-73. Cladding temperature in reactor vessel at Puel Assembly 2.

Row H. Column I at 0.94 m and Column 2 at 0.71 and 0.81 m
above bottom of fuel rod (TE-2H01-037. -2H02-028. and -032)
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FSgure SM-75. Coolant temperaturt in reactor veneel Downcomer Stalk 2 at

4A m from reacter vessel bottom (TE-2ST-001) (qualified).
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TlWE AFTER RUPTURE (s)
Figure SM-78. Cbolant temperature in reactor vessel Downcomer Stalk 2 at

237 m frem reactor veneel bottom (TE-2!rr-005) (quallfled).
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TIME AFTER RUPTURE (s)
Figure SM-77. Coolant temperature in reactor vessel at upper end box of

Puel Assembly 2 (TE-2UP-GEI) (quellflod)
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[D 7tauro SM-78. Cloddina temperaturv in reactor vessel at Puel Assembly 3.
t J Row C. Column 11 at 080 m above bottom of fuel redv (TE-3Cll-030) (qustiflodh"
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TlWE AFTER RUPTURE (s)
Pigure SM-79. Coolant temperature in reactor veneel at lower end box of Puel

Assembly 3 (TE-3LP-001) (qualified),
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Pigure SM-80. Coolant temperature in reactor veneel at upper end box of Puel

Assembly 3 (TE-3UP-002) (qualified).
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Figure SM-81 Metal temperature on upp(er core support column of PuelAssembly 3 (TE-3UP-008) qualified).
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TlWE AFTER RUPTURE (s)
f\ Pigure SM-82. Coolant temperature in reactor vessel at liquid level sting
( ) above Puel Assembly 3 (TE-3UP-008) (qualified).
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TlWE AFTER RUPTURE (s)
Pigure SM-83. Cbolant temperaturv in reactor vessel at liquid level sting above

Puel Assembly 3 (TE-3UP-011) (qualified).
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Pigure SW-84. Coolant temperature in reactor vessel at liquid level * sing above
Puel Assembly 3 (TE-3UP-014) (qualified).
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TlWE AFTER RUPTURE (s)
Figure SM-SS. Cholant temperature in reactor vessel at lower end box of

Fuel Assembly 4 (TE-4LP-OIKI) (quallflodh
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TlWE AFTER RUPTURE (s)
Figure SM-87. Oulde tube temperature in ryector vessel at Puel Assembly 5.

Row C, Cblumn 6 at 0.61 m above bottom or guide tube
(TE-SCS-024) (qualified).
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TlWE AFTER RUPTURE (s)
Pigure SM-88. Cladding temperature in reactor vessel at Puel Assembly 5

Row D. Column 6 at 0.76 and 0.90 m above bottom of fuel rod
(TE-5D6-030 and -030) (qualified).
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Plgure SM-80. Cladding temperature in reactor vessel at Puel Assembly S.

Now P. Column 9 at 025, 0.76.1.14. and 1.S7 m above tsottom
of fuel red (TE-SP9-Oll. -030. -045, and -082) (qualified).
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TlWE AFTER RUPTURE (s)
j Pigure ",M-90. Claddinbtemperature in reactor vessel at Puel Assembly S.\ / Row G, lumn 6 at 1.14 m above bottom of fuel redV (TE-SG6-045) (qualified).
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TlWE AFTER RUPTURE (s)
Pigure SM-91. Cladding temperature in reactor weasel at Puel Assembly S.

Row G. Column 8 at 020. 0.88, and 1.47 m above bottom of
fuel rod (TE-5G8-008 -026, and -058) (qualified).
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TIME AFTER RUPTURE (s)
Figure SM-92. Cladding temperature in reactor vessel at Fuel Assembly 5.

Row H. Column 5 at 0.05 and 124 m above bottom or fuel rod
(TE-SHJ-002 and -049) (qualified).
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TlWE AFTER RUPTURE (s)
Pigure SM-93. Cladding temperature in reactor vessel at Puel Assembly S.

Row I. Column 8 at 020 and 1.47 m above bo'.;im of fuel rod
(TE-SIS-DOS and -058) (qualified).g)'
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\g Assembly S

153

. _ . _ - , -



*
i. j i j j

..- j
-

o TE-5L8-011
~

i i i i '
' ' ' ! '

_7 q.
- i i -f + o TE-5L8-045i

. _4 A_.. . _ _ _t_ _

,

y % . i ___.
*

A,_! I I '

Seo . .w ,

a A A !

h % \n -

< - A : :: - a
E ' ' k .

i ''* X
w

-.-_ . ~
w

kw
cn ' ugn
3 ._ -.,_{

\fw
g 520 j g
8 ^% m,

t
N!

is

500 -

0 1500 3000 4S00 8000 7500

TIME AFTER RUPTURE (s)
Pigure SM-91 Culde tune temperature in reactor vessel at Puel Assembly S.

Row L Column 8 at 028 and 1.14 m above bottom of guide
tube (TE-SlJ-Oli and -045) (quattried).
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TlWE AFTER RUPTURE (s)
Pigure SM-96. Coolant temperature in reactor vessel at upper end box of Fuel

Assembly 5 (TE-5UP-001) (quallfled).
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TlWE AFTER RUPTURE (s)
Figure SM-97. Coolant temperature in reactor vessel at upper end box of Puel

Assembiy 5 (17.-SUP-005 and -008) (qualified).
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TlWE AFTER RUPTURE (s)
Fisure SM-99. Cholant temperature in reactor vessel at upper end box of Puel

Assembly 6 (TE-6UP-Otri) (quallfled).
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Figure SW-100. Fluid tem ture in secondary coolant system feedwater
(TT-P004 ) (qualified).
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Figure SM-101. Coolas'.t temperetore in intact loop hot les Channels A and B

(TT-P139-032 and -033) (qualified for initial conditions only).
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Pigure 50-6. Flow rate in HPIS Pump A discharge (PT-P128-iO4)
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Ptgure SU-7. Liquid level in broken loop steem generator simulator, inlet
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Figure SU-9. Liquid level in intact loop between bottom of loop seel and
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Figure 5U-11. Liquid level in steam generator secondary side, wide range

(LT-P004-0088) (qualified, range = -3.6 to 1.4 m. 2 sigma =
+ or - 0.05 m).
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Pisure 5U-11 Differential pressure in inta t loop across primary coolant.

Pumps I and 2 (PdE-PC-00lj (qualified, range = + or -
0.7 kPa (differential). 2 slgme. = + or - 0.00ri kPa).
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73 APPENDIX Ai
Q.))

DATA CONSISTENCY CHECKS
.

The following discussion describes several these checks is to establish data integrity and to
techniques used to perform consistency checks on evaluate the performance of a given transducer.
the data presented in this report. The purpose of

.

1. CHECKS OF PREEXPERIMENT DATA

A series of tests was conducted at various Turbine and drag disk measurements were also
temperatures, pressures, and flow rates prior to analyzed to check slope coefficient (gain) changes.
the loss-of-coolant experiment (LOCE). These
tests included static pressure, steady state flow, 1.2.1 Pump Speed Data. The reference
zero How, pump coastdown, isothermal, and measurement for all intact loop flow measure-
accumulator blowdown tests. Using the data from ments was primary coolant pump speed, because it
these tests, the following checks were performed. is the most accurate and stable of the flow

measurements. The pump speed measurem:nt was

1.1 Absolute Pressure Data djusted using a square wave generator to
calibrate the dig,tal-to-analog conversion.i

During the approach to initial conditions, a During heatup, the zero reading was checked at
series of static pressure tests was performed. After every zero flow point, and during How tests, the
each test, the absolute pressure measurements pump speed was checked against pump frequency.

[,mT were compared with two reference pressures Pump speed measurements were checked for
(,,/ (PE-PC-005 and -006). The pressure tests were consistency by comparison with pump speed as

used to evaluate the slope coefficient of the calculated from the primary system motor genera-
calibration equations, and to evaluate the pressure tor frequencies. This check was valid prior to and
sensitivity of the transducers. during the LOCE until the primary system motor

generator field breakers were opened at
The blowdown suppression tank (BST) pressure 56.210.1 s. Prior to the LOCE, the pump speed

measurements were checked against atmospheric was further checked by reviewing the agreement
pressure prior to the LOCE. with previous Loss-of-Fluid Test (LOFT) experi-

ments. Pump-run voltages and currents were
The steam generator pressure was checked evaluated prior to the LOCE by calculating the

against the temperature in the steam generator by pump electrical horsepow er input, the pump water
comparing the pressure obtained from the steam power, and finally the combined pump efficiency.
tables, using the : team E ..rator temperature. These calculated efficiencies were then compared
with the pressure transducer reading. with previously recorded efficiencies determined

during pump requalification tests.
When the accumulator was pressurized, both

accumulator pressure transducer readings were 1.2.2 Differential Pressure Data. Zero off-
checked by comparing one with the other. sets were determined from flow data, static

*
pressure tests, and temperature sensitivity data

1.2 Flow Data derived during the heatup. Steady state flow con-
ditions for the primary coolant system (PCS) were
then established, and selected PCS pressure drops

Measurements of fluid flow included pump were compared with predicted values. At various
* speed, differential pressure, venturi, turbines, flow conditions, intact loop flow resistance coeffi-

drag disks, the pulsed neutron activation system cients were calcu!ated and verified to remain(p) and transit time flowmeter. The measurements essentially constant and to agree with previously
V were analyzed primarily to check the zero offset. tabulated data. Further consistency checks were
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performed on the intact loop differential pressure 1.2.5 Pulsed Neutron Activation (PNA)
measurements by plotting the square root of the System Data. Fluid velocities during steady
differential pressure against pump speed using state operation were measured by the PNA. These
data from the pump frequency tests. The results of velocities were compared with fluid velocities as
the curve fits performed on those plots were then computed by the venturi.
used to confirm zero offsets. Both prior to and .

during the LOCE, differential pressure measure- 1.2.6 Transit Time Flowmeter (TTF)
ments were compared with the differential pres- Data. Checks of the TTF were performed during
sure computed by subtracting appropriate the pre-LOCE accumulator blowdown by compar-
absolute pressure measurements. Finally, pressure ing the computed velocity using different .

closure was calculated for the two flow loops: combinations of the TTF thecmococoles.
(a) the PCS intact loop, and (b) the broken loop
cold leg to the blowdown suppression tank (BST). In addition, a check of the TTk vas performed

by comparing the TTF data to the suppression
1.2.3 Venturi Data. Consistency checks were tank liquid levels. The TTF data and the fluid

performed by comparing the venturi mass flow density were used to calculate the total fluid mass
rate with venturi mass flow rates from previous that flowed out the break, which was then com-
LOFT experiments (with the same loop resistance) pared to the suppression tank fluid mass increase
and to each other. A comparison of the venturi calculated using the liquid levels.
with the pump speed consisted of performing a
least-squares-fit of the venturi data versus the
pump data (derived from the pump speed fre- 1.3 Gamma Densitometer Data
quency test). The results were used to correct any
zero offset in the venturi. The corrected venturi
data were then used to calculate the average fluid To evaluate the PCS average fluid densities,
velocity and momentum flux of the intact loop. calculations were performed using the gamma
The computed velocity was compared to the dif- densitometers. The densitometers were checked
ferential pressure measured across the pumps, the for normal operation by recording and examining
steam generator, and the reactor vessel. data tapes approximately I day before the LOCE,

and by observing <occtra, count rare data, and
in addition, the computed fluid velocity and the live-time data on the densitometer system display

momentum flux were compared to the output of console duriug and immediately before the LOCE.
the turbines and drag disks in the reactor vessel.

1.2.4 Drag Disk Turbine (DTT) Data. Reac- 1.4 Level Measurement Data
tor vessel drag discs were compared with values
calculated from venturi mass flow, assuming the
full flow area. Slope coefficients were calculated, Five system level measurements were

and the effect of temperature on the calibration evaluated: (a) Accumulator A liquid level,
coefficients was determined. (b) BST liquid level, (c) pressurizer coolant level,

(d) pump suction liquid level, and (e) reactor
After the slope coefficients had been verified, vessel coolant level. The accumulator level was

the data for a given transducer were plotted qualified by comparing the pre-LOCE liquid levels

against pump speed and a least-squares-fit per- as measured with the level detector to the level
formed. The zero offset from this curve fit was measured by an external sightglass. BST liquid
used to modify the zero offset of the transducers. level measurements were qualified by comparing

the three available measuremants. Similarly, *

As an independent check, the turbine flowmeter pressurizer level was reviewed by redundant level
and drag disk data were used to calculate fluid measurements. The pump suction liquid levels
density. These values were then compared to the were checked at zero flow conditions with the
known single-phase density prior to the LOCE. plant full of water. The reactor vessel liquid level
This analysis was performed on all the turbine probes were verified by performing a preexperi- -

flowmeter and drag disk measurements with the ment conductivity calibration with the vessel full
exception of those that failed. under cold and hot plant conditions.

190



O 1.5 Thermocouple Data ence where they existes.'. If saturation conditions

( existed, the temperature was compared with the
's temperature from the steam tables using pressure

Temperature measurements were analyzed by measurements as the reference. Temperature
comparing them with other temperature data measurements outside the primary coolant were

* obtained during the isothermal tests. Resistance compared with any known temperature in the
temperature measurements were used for refer- same area.

2. CHECKS DURING AND AFTER THE LOCE.

The purpose of these checks was to further were summed ,qd compared with the differential
establish the data integrity. For each type of meas- pressure across nie primary coolant pumps.
urement, comparable data channels were evalu-
ated and the determination of data consistency 2.2.3 Venturi Data. The initial conditions
was identified The following is a brief summary data from the venturi were checked for data
of those shecks. consistency by comparing them with pre-LOCE

flow test data. The flow venturi was used only for

2.1 Absolute Pressure Data ste dy state initial e nditions information.

2.2.4 DTT Data. Initial conditions data were
During the LOCE, the saturated steam checked by calculating momentum flux from the

temperature was determined from the saturated venturi mass flow rate and from the known den-
steam table using pressure transducer data. The sity for those DTTs that were not overranged.
computed temperature was compared with the These values were then compared with the
temperature measured by the thermocouple. measured values from the DTT.

(A)
However, this was valid only during saturation.
When complete voiding occurred, the measured 2.2.5 PNA System Data. The fluid velocity

'v temperature increased above the corresponding obtained from the PNA system was compared to
saturation temperature because of conduction and the DDT data at the same location.
radiant heating of the detector element by the
surrounding warmer environment (pipe walls, LOCE data were checked by comparing data
etc.). from previous tests. An additional check was

made by comparing the basic shape of the velocity

2.2 Flow Data r m mentum flux curves with a differential
pressure close to the DTT.

Immediately after the LOCE, flow data are 2.3 Gamma Densitometer Dataagain compared for consistency. In addition,
LOCE data were compared with previous, similar
experiments. A summary of the consistency Checks of the calibration const,-nts were

checks for the pump and flow transducer obtained from the all-liquid readings a few
measurements follows. seconds prior to the LOCE and half-liqu'0. half-.

steam conditions when the break orifice
2.2.1 Pump Speed Data. The primary cool- uncovered. The fluid densities for the all-liquid

, ant pump motor generator field breakers were and all-steam conditions were determined from
opened at 56.210.1s after initiation of the steam tables using temperature and pressure
the LOCE. Pump speed measurements were measurements.

compared during pump coastdown.

2.2.2 Diff arential Pressure Data. Immed:.- 2.4 Liquid Level Data
.

ately after the LOCE, w hen steady state operating

( conditions had been established the differential The accumulator level was verified by compar-( j) pressure measurements around the intact loop ing the pre-LOCE and post-LOCE liquid levels, as
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measured with the liquid lesel detector, with the 2.5 Temperature Data
level measured by an external sightglass. The BST
liquid level was evaluated by comparing three The temperatures during the LOCE were e
independent liquid level measurements. Similarly, pared with saturation temperatures deterr .1

pressurizer liquid level was reviewed by redundant from the steam tables using pressure data ar 4th
liquid level measurements. During the LOCE, the previous data. Initial conditions were also ch. eked *

reactor vessel liquid level measurements were com- by comparing all primary coolant thermocouple
pared to core thermocouple data; when the liquid and resistance thermometer detector measure-
lesel dropped below a given thermocouple, the ments. Suppression tank thermocouple measure-
measured temperature increased. ments were compared in a like manner. *
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' EXPERIMENT L3-7 INSTRUMENTATION LIST,

!
i .

Table B-1 contains a list of all the instruments tive to the usability of the data. No r atry under the i
j in the Loss-of Fluid Test (LOFT) system that were " Comments" column means that the instrument -

available to be used for Experiment L3 7. was recorded, but the data were not reviewed or;

Included in Table B-1 are the instrument location, presented. No entry under the " Initial Condition; .

! range, initial condition uncertainty, uncertainty at Uncertainty" column means that the instrument
specific readings, and recording frequency. The was recorded only on the plant log and'

" Comments" column contains information rela- surveillance system.
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TABLE B-1. (continued),

|

!aitial Af ter Emperiment Initiation
variable. Coedition
Systes, and Measurement Recording Uncer t aint y pacert aint y
Detector Loc a t ion Rante Frequencya (*) Reading (*) Commente

VALVE OPEN!MG
(conti nued)

3roken Loop
(cont i nued )

CV-P138-123 1.3-L/a spray header 0 to 1001 1 Na 4.611 01 3.01
control valve. 251 3.131

50 1 3.471
1001 4.611

CV-P138- 124 3.8-L/s spray header 0 to 1001 1 Ra 4.611 01 3.01
concret valve. 251 3.131

501 3.471
.! 1001 4.611
j

CV-F138-125 13.5-L/s spray header 0 to 1001 1 us 4.131 01 3.01,

1 control valve. 251 3.131
501 3.471

1001 4.611
1

i CEOEDAL DENSITT
i MD

-J Sroken Lool

DE-SL-001A Broken loop cold leg at 0 to 1.0 Mg/m3 10 Ra -- -- 0.068 Mg/m " Qualified af ter reacteri

drag disc turbine trans- scram.
j ducer (DTT) flar.ge.

Beam A is 14' 21 mia
) f rom Seas 5 (CW tooking

toward reactor vessel
(RV)].

l DE-8L-0018 Sroken loop cold les 0 to 1.0 Mg/m3 to us -- -- 0.076 Mg/m Qvalified after reactor3
I et DTT flange. Bene B ocras.
'

through centerline of
pipe 45' f rom vertical
(CCW looking toward RV).

! DE-BL-001C proken loop cold les 0 to 1.0 Mg/m3 10 Ma -- -- 0.11 Mg/ 3 Q.aalified af ter reactor
at DTT flange. Beam C acram.

- is 22' 7 mia from'
Beam 8 (CCW tooking

i toward RV).

c

1

a

l
i

J

-
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TABIE B-1. (continued)

Initial Af ter gaperieent taitiction

Variable. Condition
System, and Measurement Recording Un ertalaty Dece r t aint y
Detector tocation Ran ge Frequencya (1) Reading (t) Cosamen t e

GnuRDAL Dens 1TY
(continued)

Broken Loop
(coat t eued )

Dg-BL-002A Broken loop hot leg 0 to 1.0 Mg/m3 10 Ha - - 0.12 Mg/m3 Qualified af ter reactor
at DTT flange. Beam A scree.
is 148 21 mia from
Beam B (CCW looking
toward EV).

DE-BL-002B Broken loop hot leg 0 to 1.0 Mg/m3 10 Ha - -- 0.06% Mg/m3 Qualified after reactor
at DTT flange. Beae B ocree,

through centerline of
pipe 458 from vertical
(CW tocking toward RV).

3DE-BL-002C Broken loop hot leg 0 to 1.0 Mg/m to us -- - Not available. Failed.
at DTT flange. Beae C
is 22* 7 man from
Bese B (CW tooking

Q toward RV).
00

Int ac t LoJo
3 10 Ha - - Not available. Failed.DE-PC-001A Intact loop cold les at 0 to 1.0 Mg/m

DTT flange. Rese A is
148 21 min from Beaa 5
(CW looking away f ree
EV).

IDE-PC-001B Intact loop cold leg 0 to 1.0 Mg/m3 to na -- - 0.068 Mg/a Qualified after reactor
at DTT flange. Besa B ocrae.
through centerline of
pipe 458 from vertical
(CCW looking away from
RV).

f

DE-PC-001C Intact loop cold leg 0 to 1.0 Mg/m3 10 Ma - -- 0.092 Mg/m3 Qualified after reactor
at DTT flange. Beta C acree.,

is 22C 7 min f rom
j Beae B (CCW looking

away from BV).i

!
|

|

|

|

|

O O O. .

|
*e

~ .
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I TABLE B-1. (continued) "
t

|
I t

t
lattial Af ter superiment lattiation

variable. Condition
,Syst ee. ' end Measurement Recording Uncertainty Decettstaty ?

Detector Location Ranae Frequency 4 (1) _Readina (1) Coment s f
!

CM0aDAL DERS1TT
i(continued)
f

latact Loop

f'(cont inued )4

i I
{ DE-PC-002A Int ac t loop het leg 0 to 1.0 Mg/m3 10 as - - 0.054 Mg/m3 Qualified af ter reactor

at DTT flange. Beam a scran.
in 14* 21 ein free j

,

j Bea. 8 (CW looking i
oway from RT).

I Dg-PC-0023 Intact loop het les 0 to 1.0 Mg/m3 10 as - - 0.10 Mg/m3 Qualified after reacter ' I
at DTT flange. Beae 5 scram.
CM augh centerline of
pipe 458 freis vertical

' {(CCW tooking away free
RV). ;

>

1

DE-PC-002C Intact loop hot les 0 to 1.0 Mg/m3 10 us - - 0.091 Mg/m Qualified after reactor3
at DTT flange. Beae C scree. j,

i - ~ - is 22* f ein freeg Sean B (CCW 1acking
-.

i

| away f rom RV).
!1

iDE-PC-003A Intact loop below stese O to 1.0 Mg/m3 h Es ** - not evallable. |generater (SC) at DTT
|flange. Sese C in 14'
i21 ein f rom Beae B (CCW !

looking away from RV).i

I !

Dg-PC-003B Intact noor below SC 0 to I.0 Mg/m3 I as - - not avaitakte. Iat DTT flange. Seam 3
through centerline }
of pipe 458 froe
vertical (CW tooking

|away from RV).
!

I - DE-PC-C33C tatect loop below sc 0 to 1.0 Mg/m3 1 us - - not available. !
| at DTT flange. Beme C

[le 22' 7 ein from
6

Beau B (CW tooking i
away f rom BV).

.f

[ .
*

I

\
t

i

I

>

L

1

b
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j TABLE B-1. (continued)
4

initie! After Emperiment feitiation

Variable, Conditioni

j syntes, and Measurement Recording Uncertaiaty Uncertainty

j Detector I.oc a t i on Range Fregwncy* ( *. ) Reading (!) Co - ate

f FLOW RATE

i (continued )
! i

Egngency Core* ,.

Coolana Systee [
(continued)

$ FT-P120-045 Low-pressere injection s 25.2 L/s 1 Ha 2.5 L/e -- 2.5 L/o Qualified.
{ systes (LP13) Pump A in i

! 4-in. Line between heat
j enchanger and orifice.

FT-P128-085 Charging Pump AC-P-48 0 to L.89 L/a 1 Ha 0.02 L/o - 0.02 L/s
, discharge,
l
4

| FT-F128-104 High pressure injection 0 to 1.89 L/s I Ka 0.02 L/s - 0.02 L/e Qualified.
j system (HP15) Pump A
3

d is char ge .
,

In t ac t Loop
M4

b FT-P139-27-1 Intact loop hot leg 0 to 630.0 kg/o 1 Hs 17 kg/e -- 17 kg/s Qualified, good for

venturi flowmeter initial conditions only.
j
i (righ t side f acing SC).
Y

FT-P139-27-2 Intact loop hot leg 0 to 630.0 kg/s 1 Hs 17 kg/o - 17 kg/s Qualified for laitial'

1 venturi flowmeter conditions only.
' (bot tom of pipe).

I
; FT-P139-27-3 Intact loop hot leg 0 to 630.0 kg/a 1 Hs 17 kg/s - 17 kg/e Qualified for faitial

venturi flowmeter conditions only..
(left side facing SC).

P h ary Com-
1 ponent Cooling

S,ge,t es
i

{ FT-F141-022 Primary component 0 to 22 L/s 10 R: 0.11 L/o -- 0.11 L/s Qualified.
q cooling system.
i

,

t

!

4
d

1
i

:

}

i G G G. .

: ..

i
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: TABLE-B-1. (continued)
!

!

Initial . After Esperiment Initiation
variable, Condition

System, and Measurement Recording Uncertelaty Uncertainty
,

_
Locatloa

_ tanae Frequeneye (*) Readina d) Co mante
Detector

i

L1 QUID F REL

troken Loop

12PdE-BL-013 SC simulator, talet 0 to 3.38 m 1 us 0.096 m - 0.096 m Qualified.
, to top.
i

LEPdE-BL-014 SC alaulator, outlet 0 to 4.59 m t un 0.137 m - 0.137 m Qualified, unemplaimed'
to top.

long-ters drift, should

read 4.59 e at 1200 a.
Intact Loos

LEFdE-PC-027 SG outlet to Fume
! suction, lowest point..

O to 1.55 m I as not appli- - 0.008 m Qualified, unemplataed
cable, data long-term drift, shouldI

|
meaningful read 1.55 m at 1500 e.
esty ceter

300 a.
I

j LEFdE-PC-C28 Pump section, lowest 0 to 0.66 m 1 as no appli- - 4.099 m Qualified.point to Fump 2 intet. cable, data

h meaningfut
oaty afterW
340 s.

Emeraeacy Core
Coolina system +

System

|
, LIT-F120-044 Accumulator A. O to 3.0 m I as 0.02 m -- 0.02 m qualified, oncertalaty of
| + 53 due to pressure

sensitivity.
' Secondary
f Coolant Syst em

LT-7004-008A SG feedveter level -1.1 to 1.5 m 1 Ma 0.03 m - 0.03 m
(earrow raase).

] LT-P004-0088 SG feedwater level -3.6 to 1.4 m* I un 0.05 m -- 0.05 m Qualified.
| (vide reage).

I
:

I
!

|
<

1

I

4 . _ _ _ , __. ., , . _ . , _ . _ - - - - ~ - - - - -- - * - - " - - - ' ' ' ~ ' ~ ~ ' " - - ' ' " ' ' ~ ~ ' ' " " '" - ~ ~ - ' ' " ' ''-
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! TABLE B-1. (continued) '

: i

i

laitial After Emperiment Initiation
Variable, Condition

System, and Messerement Recording Uncer t a int y Uncertainty
Detector Location Rana. Frequency * (*) Reading (*) Commente

|

MDMENTtM FLUX l-

f(continued)

|.e.ctor vessel

ME-157-001 Downconer Stalk I, 0.3 to 5.2 Mg/s.s2 i Ha 0.78 Mg/m a2 - 0.78 Mg/m s2 q,,g g;,4, j
t.16 a shove RV r

bottom. j

ME-lUF-001 Fuel Assembly I above 0.3 to 5.2 Mg/s.s2 1 Ha 0.75 Mg/m s2 - 0.78 Mg/m s2 Failed. f
upper end bon.

ME-2ST-001 Downconer Stalk 2, 0.3 to 5.2 Mg/m s2 1 Ha 0.78 Mg/m s2 _ o,yg ngj . 2 Failed. I

1.16 m above RV
bottom. y

ME-3UF-001 Fuel Assembly 3 above 0.3 to 5.2 Mg/m s2 I Ha 0.78 Mg/m s2 _ o,yg ngf.. 2 ,

|| upper end bos. (
[ME-SUF-001 Fuel Assembly 5 above 0.3 to 5.2 Mg/m s2 1 as 0.78 Mg/m s2 - o,yg ngf.. 2 go.gggg,a,

upper end bos. I

F2 |

o NEUTaON i

M DETECTION

neac r er Vessei t
i

NE .H8-26 Neutron detector in 0 to 52.5 kW/m 1 Hs 2.03 kW/m - 2.03 kW/af Qualified, good to reactor
Fuel Assembly 2. (local) scram, i,

NE-4H8-26 Neutron detector ii. O to 52.5 kW/m I Hs 2.03 kW/m - 2.03 kW/m qualified, good *o reactor.

Fuel Assembly 6. (local) scram.
!

NE-5D8-26 neutron detector an 0 to 52.5 kW/m i Hs 2.03 kW/m - 2.03 kW/m Quallfied, good to reactor
Fuel Assembly 5. (local) scram.

NE-6HS-26 Neutron detector in 0 to 52.5 kW/m i Hs 2.03 kW/m - 2.03 kW/m Qualified, good to reactor

Fuel Assemb!v 6. (Local) scram.
, ,

! ELECTRICAL [

I FREQUENCY I
1 >

'

In t ac t Loo p

FCF-1-F Intact loop Fump 1. O to 75 Hs 10 as 0.75 Ha - 0.75 Hs4
t

FCF-2-F Int ac t loop Fump 2. O to 75 Hs 10 Ha 0.75 as - 0.75 Hs h
I

|
t

I

!
| r

J
*r,

i

|
1 ,

:

I

I
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| TABLE B-1. (continued)
|

I
|i
i

| Initial After Fsperiment laitiation
|Variable. Condition

S.estes, and Messerement Recording Unco rr . iar y Uncertainty
|Detector Location Ranae Frequenc ya (*., Reading ( *_ ) Comment e

_

REACTIVITY
(continued) I'

|Resetor Vessel
[ continued) |

1

I| RE-T-77-2A2 Power range, Channel B 0 to 1001 power 1 as 31 - 't Qualified, good to reactor
t

a
i level.
i scree. '

lRE-T-77-3A2 Power range, Channel C 0 to 100% power i Hs 31 - 3% Qualified. good te reactor jlevel, acree. I
l

KE-T-87-4A2 Power range, Channel D 0 to 100% ptwer 10 Ma 31 - 31 $'ie..l.

TEMPEKATL1tE

sroken Loop

|TE-BL-0013 Broken loop cold leg 255.2 to 586.6 E I Hs 2.5 K 350 E 2.4 E Qualified. ?

at DTT rake center. 450 K 2.5 E I
y 550 K 2.5 K |== 650 E 3.2 E '

4
ITE-BL-0025 Broken loop hot leg at 255.2 to $88.6 E I Hs 2.5 K 350 E 2.4 E Qualified.middle of DTT flange. 450 K 2.5 K i

550 K 2.5 K
650 E 3.2 E i

f at ac t Loop

tTE-rc-002A Int ac t loop hot leg 422 to 1533 K 1 Hs 3.1 E 450 E 2.8 E qualified.
DTT flange at bottom 600 K 3.2 E

{of pipe. 800 K 4. 7 K
1000 K 6.2 K |

TE-PC-0025 Int ac t loop hot les 422 to 1533 K 1 Hs 3.8 E 150 K 2.8 E Qualified.
OTT flange at middle 600 E 3.2 E lof pipe. 600 K 4.7 K

1000 K 6.2 K |

TE-PC-002C Int ac t loop hot les 422 to 1533 K i Ha 3.1 E 450 K 2.8 E Qualified.
DTT flange at top of 600 K 3.2 E

ipipe. 800 K 4.7 K
|1000 E 6.2 E '

h

i
!

!

|

>

>

!

,

,

,

_ - . - - .-. - ._ _ , _ . . _ _ _ - ,



_ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _
___ .

TABLE B-1. (continued)

Initial Af ter Emperiment 'nitiation
Variable, Condition
System, and Mea suremen t Recording Uncertainty Uncertainty
Detector Loca t i on Range Prequency* (1) Reading (1) Comment s

TEMPERATURE
(cont inued )

In t ac t Loop

( cont i nued )

TE-PC-004 Bot tom of ECC Rake 1 270 to 1530 K I Ha 3.1 K 350 K 2.8 K Qualified.
(between PdE-PC-016 450 K 2.9 K
and PdE-PC-018). 550 K 3.0 K

650 K 3.6 K
TE-PC-DOS Nest to bottom of ECC 270 to 1530 K 1 Hs 3.1 K 350 K 2.8 K Qualified.

Rake 1 (between 450 K 2.9 K
PdE-PC-01) and 550 K 3.0 K
PdE-PC-017). 650 K 3.6 K

TE-PC-006 next to top af ECC 270 to 1530 K 1 Ha 3.1 K 350 K 2.8 K Qualified.
Rake 1 (between 45C K 2.9 K
PdE-PC-012 and 550 K 3.0 K
PdE-PC-016). 650 K 3.6 K

TE-PC-007 Top of ECC Rake 1 270 to L530 K 1 Ha 3.1 K 350 K 2.8 K(f (between PdE-PC-011 450 K 2.9 K
00 and PdE-PC-015). 550 K 3.0 K

650 K 3.6 K

TE-PC-008 Bot tom of ECC Rake 2 270 to 1530 K I Hs 3.1 K 350 K 2.8 K Qualified.
(between PdE-PC-022 450 K 2.9 K
and PdE-PC-026). 550 K 3.0 K

650 K 3.6 K

TE-PC-009 Neut to bottom of 270 to 1510 K 1 Hs 3.1 K 350 K 2.8 K Qualified.
ECC Rake 2 (between 450 K 2.9 K
PdE-PC-021 and 550 K 3.0 K
PdE-PC-025). 650 K 3.6 K

TE-PC-010 Nest to top of ECC 270 to 1530 K 1 Ha 3.1 K 350 K 2.8 K Qualified.
Rake 2 (between 450 K 2.9 K
PdE-PC-020 and 550 K 3.0 K
Pd E - PC-024 ) . 650 K 3.6 K

TE-PC-011 Top o f ECC Rake 2 270 to 1530 K 1 Ha 3.1 K 350 K 2.8 K Qualified.
(between PdE-PC-019 450 K 2.9 K
and PdE-PC-023). 550 K 3.0 K

650 K 3.6 K

O O O. .
IP
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TABLE B-1. (continued) ,

! b

1 q'
Initial Af ter Emperiment Initiation

[j Variable, Condition
j Systes, and Measurement Recording Unce r t aint y Uncertainty
j Detector Location jange Fre quenc y a (!) Reading (*) Couement e

k
a TLHFfEATURE

i
J (cont inued )

!

I
Energency Coret

| doTong systE I'
I

!

| TE-F120-027 Accumulator 5 255.2 to 366.1 K 1 Ha 0.7 K - 0.7 K
4 temperature.
t

] TE-F120-041 Accumu1stor A 255.2 to 366.3 K ! Ha 0.7 K -- 0.7 K
temperature.

Slowdown Suy-
grossion Tank
Spray System

TE-F138-137 Outlet of BST spray 250 to 420 K L Ha 0. 7 K -- 0. 7 K
system heat enchanger.

TK-F138-14L Temperature of spray 255.2 to 420 K l Ha 1. 3 K -- 1.3 K Qualified for response
in 3.79-L/s header, only, eagnitude uncertain.

O TE-F138-142 Temperature of spray 255.2 to 420 K 1 Ma 1.3 K -- 1. 3 K Qualified for cesponse@ pump discharge, only, magnitude uncertain.

TE-F438-143 Temperature of apray 255.2 to 420 K L Ha 1.3 K -- 1.3 K Qualified for response
in 13.88-L/s header, only, magnitude uncertain.

Broken Loop

TK-F138-170 Hot leg warm-up line. 73 to 622 K 1 Ha 2.1 K -- 2.1 K

| TK-F138-178 Cold leg warm-up line. 172 to 672 K 1 Ha 0.8 K -- 0.8 K

Int ac t Loo _f

TK-F139-019 Fressuriser vapor $88.6 to 644.1 K ! Ha 0.5 K -- 0.5 K Qualified for initial
space. 0.86 m above conditions only, shows
t he stor rods. het watt ef fecte af ter

blowdown initiation.
TK-F139-020 Fressuriser liquid 283 to 644.1 K 1 Ha 3.0 K -- 3.0 K Qualified for initial

volume, 0.36 e above conditions only, shove
, heater rods. hot well ef fects af ter
g blowdown initiation.4

la

i
. .- - ., - --- .- . _ .
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|

1

i
i
!

)
;

i
4

{ TABIE B-1. (continued)
!

!aitial After Esperiment Initiation
) Variable, Condition
j S yst em, and Measurement Kecording Uncertainty Uncertainty
4 Detector Loc a t ion Range Fregencye (t) g a ng (3) co,,,,,,
i
a
i

TEMPEKATURE
(continued)

{ int ac t Looy
e Fon t i nue d )
i
3 TE-F139-028-2 Int ac t loop cold leg. 510 to 620 K 1 Hs 0.6 K -- 0.6 K Qualified, narrow
! reage process instru-
j - ac, re. .e tiaited.
i
4 TE-P!39-029 Intact loop cold leg. 280 to 620 K 1 Ha 2.1 K -- 2.1 K Qualified, process
! instrument, re. pone.

lielted.

|
TE-P139-32-1 Intact loop hot leg. 280 to 620 K 1 Hs 1.43 K -- 1.4 3 K Qualified, process

. instrument, respoose
1 tielted.

Pryeary coe-
p. ment coolang
Sl' d

tJ TE-P141-9% Downstream from pri- 275 to 350 K 10 Hs 0.32 K -- 0.32 K Qualified.
) h eary component cooling

s ystem heat eschanger.5

i

TE-F141-95 Upstreme from primary 275 to 350 K 10 Hs 0.32 K -- 0.32 K Qualified.
component cooling
system heat enchanger.

Int ac t Loop

TE-SC-001 Int ac t loop cold leg 253.2 to 977.4 K 1 Ha 2.8 K 350 K 2.5 K Qualified.
SG outlet. 450 K 2.6 K

550 K 2.7 K
650 K 3.3 K

TE-SG-002 Int ac t loop hot leg 253.2 to 977.4 K 1 Ha 2.8 K 350 K 2.5 K ,alified.
SC inlet. 450 K 2.6 K

550 K 2.7 K
650 K s.3 K

O O O. ...

_m. _.
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TABLE B-1. (continued)
;
i

!
I

Initial Af ter Esperiment Initiation
variable, Condition
System, and Measurement Kecording Uncertainty Uncertainty
Detector Loc a t ion Bange Fre quenc y8 (t) Reading (*) Commente

TEMPE RATURE
(con t inued )

Seccadery
~~E SystenCoo

4

i TK-SC-003 SG accondary side. 253.2 to $88.6 K 1 Hs 2.5 K 350 K 2.4 K Qualified.
450 K 2. 5 K
550 K 2.5 K
650 K 3.2 K

Blowdown S_og-
pression System

iTE-SV-001 SST, 0.3 e north of 253.2 to 477.4 K 1 Ha 1.1 K 300 K 0.9 K || Downconer 1. 0.53 a 350 K 1.0 K '
j east of tank center- sal a 1.3 K8 line, 2.72 e free tank
i bottoe.
4

TE-SV-002 BLT, 0. 3 e north of 253.2 to 477.4 K 1 Ha 1.1 K 300 '. 0.9 K Qualified.
, g3 Downcoeer 1. 0. 5 3 a 350 K 1.0 K
j ba east of tank centar- 400 K 1.3 K"*j line, 7.36 e from tank

, bottom.

TE -SV - 00 3 BST, 0. 3 e north o f 253.2 to 477.4 K I Hs 1.1 K 100 K 0.9 K
{ Downconer 1, 0. 5 3 a 350 K 1.0 K
g east of tank center-' 400 K 1.3 K

line, 1.90 m from tank
I bottom,
d
.

] TE-SV-004 857, 0.3 e north of 253.2 to 477.4 K 1 Hs 1.1 K 300 K 0.9 K Qualified., Downconer 1, 0. 5 3 a 350 K 1.0 K; east of tank center- 400 K 1.3 K
, line, 1.45 e from tank
j bottom.
1'

TE-SV+005 BST, 0.3 e north of 253.2 to 477.4 K 1 Ha -- 300 K 0.9 K
Downc one r 1, 0. 5 3 a 350 K 1.0 K
east of tank center-, 400 K 1.3 Kj line, 0.99 e from tank

i bottom.
|
1 '

1
4

)
4

1
4

4

3
J

l
e

)
:
1

4
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TABLE B-1. (;ontinued)

Initial Af ter Kuperiment initiation
variable, Condition,

, System, and Measurement Recording Uncertainty Decer t aint y
j Detector Location Range Frequencya (t) Reading (*) Comments

TEMFKRATURE
(con tinued )

Blowdown Sup-
. pression System
| (continued)

4 TK-SV-012 BST, 0.3 e north of 253.2 to 477.4 K 1 Hs 1.1 K 300 K 0.9 K Failed.
I

Downconer 3, 0.53 a 350 K 1.0 K
east of tank center- 400 K t.3 Kj line. 0.37 e from tant

j bottom.
i
$ Reactor vessel

TK-1All-030 Fae t Assembly 1, Row A, 422 to 1533 K i Hs 3.2 K 450 K 2.8 K
: Column !!, 0.762 m 600 K 3.2 K
) above bottom of feel 800 K 4.7 K
.

rod.
, 1000 K 6.2 K
j TK-1510-037 Fuel Assembly 1, Row B. 422 to 1533 K I Hs 3.2 K 450 K 2.8 K

Column 10, 0.940 m 600 K 3. 2 K
bJ a bove bot t om o f f ee l 800 K 4.7 K
{J rod. 1000 K 6.2 K

4 TK-!Bl2-026 Fuel Assembly 1, Row B, 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K3
Column 12, 0.660 m 600 K 3.2 K

j| above bottom of fuel 800 K 4.7 K
rod. 1000 K 6.2 K

TK-ICll-021 Feel Assembly 1, Row C, 422 to 1533 K 1 Ha 3.2 K 450 K 2.8 K
} Column 11, 0.533 m 600 K 1. 2 K'

above bottom of f eel 500 K 4.7 K
rod. 1000 K 6.2 K

T6-LCll-039 Fuel Assembly 1, Row C, 422 to 1533 K 1 Ha 3.2 K 450 K' 2.8 K
Column 11, 0.991 m 600 K 3.2 K
above bottom of fee t 800 K 4.7 K
rod. 1000 K 6.2 K

TK-I F 7-015 Feel Assembly 1, Row F, 422 to 153) K 1 Hs 3.1 K 450 K 2.8 K Qualified.Column 7. 0.381 m 600 K 3.2 K
above bottom of fee t 800 K 4.7 K

, rod. 1000 K 6.2 K
l,

.

$

.

!

4

b

i
1
4
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TABLE B-1. (continued)
|

r

Initial Af ter Esperiment Initiation

I Variable, Condician

i System, and Mea suremen t Recording Uncertainty Uncertainty
a (1) Reading (1) Coaumen t e

| Detector Location Range , Fregency

fTEMPERATURK

j (continued)
f

j Rese ar ve.s.i
( cont i nued ),

.

i i
' TK-LST-005 Downconer Stalk 1, 25;.2 to 977.4 K 1 Hs 2.7 K 350 K 2.5 K Qualified.

2.37 e from RV bottoa. 450 K 2.6 K l

550 K 2.7 K !
650 K 3.3 K

TK-IST-009 Downconer Stalk 1, 253.2 to 977.4 K 1 Ha 2. 7 k 350 K 2.5 K Qualified.
0.64 m from RV bottom. 450 K 2.6 K

550 K 2.7 K
650 K 3.3 K

TK-137-013 Downcomer stalk I, 253.2 to 977.4 K 1 Ha 2.7 K 350 K 2.5 K Qualified.
0.24 e from RV bottom. 450 K 2.6 K

550 K 2.7 K
650 K 3.3 K

tJ TK-!ST-014 Downcomer Stalk I, 253.2 to 977.4 K 1 Ha -- 350 K 2.5 K

@ 1.17 m from RV bottom 450 K 2.6 K ,

(inside of DTT). 550 K 2. 7 K
650 K 3.3 K I

'

TK-1UP-001 Fuel Assembly 1 upper 311 to 977.4 K 1 Ha 2.9 K 350 K 2.5 K Qualified.
!

end boa. 450 K 2.6 K
550 K 2.6 K
650 K 3.3 K !

TK-1UP-002 Fuel Assembly I upper 311 to 977.4 K 1 Hs 2.9 K 350 K 2.5 K .

end boa. 450 K 2.6 K I
'

550 K 2.6 K
650 K 3.3 K j

TK-lUP-003 Fuel Assembly 1 support 311 to 977.4 K 1 Hs -- 350 K 2.5 K
column above RV noaste. 450 K 2.6 K

550 K 2.6 K |
l650 K 3.3 K

TK-!UP-004 Fuel Assembly I support 118 to 977.4 K 10 Ha 2.8 K 350 K 2.5 K
column above RV naaste. 650 K 2.6 K

550 K 2.6 K |
650 K 3.3 K

!
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TABLE B-1. (continued)

Initial After Experiment Initiation

Variable, Condition

System, and Measurement Recording Uncertainty Uncertainty
Detector Location Range Frequencya (*) Reading ( *. ) Commen t s

J TEMPE RATURK

i (continued)

Reactor vessel

1 (con t inued )

TK-2H01-037 Cle4 ding on Fuel 422 to 1533 K I Ha 3.1 K 400 K 2.7 K Qualified.
Assembly 2. Row H, 600 K 3.2 K
Column I at 0.94 , 400 K 4.7 K

above bottom of fuel 1000 K 6.2 K
rod.

TK-2H02-028 Cladding on Fuel 422 to 1533 K 1 Ha 3.1 K 400 K 2.7 K Qualified.
Assembly 2, Row H, 600 K 3.2 K
Column 2 at 0.71 m 800 K 4.7 K

+ above bottom of fuel 1000 K 6.2 K

! rod.

11-2H02-032 CladdinK on Fuel 422 to 1533 K 1 Hs 3.1 K 400 K 2.7 K Qualified.
Assembly 2, Row H, 600 K 3.2 K
Column 2 at 0.81 m 800 K 4.7 K

U above bottom of fuel 1000 K 6.2 K
4 rod.*

TK-2H08-039 Guide tube for Fuel 422 to 1533 K 1 Ha 3.1 K 400 K 2.7 K
Assembly 2. Kow H, 600 K 3.2 K
column 8 at 0.99 m 800 K 4.7 Ki

above bottor of fuel 1000 K 6.2 K

| rod.
i
1 TK-2LF-001 Fuel Assembly 2 Lwer 311 to 977.4 K 1 Ha 2.7 K 350 K 2.5 K Qualified.
i end box. 450 K 2.6 K
i 150 K 2.6 K

,MK 3.3 K,

3

! TK-2LF-002 Fuel Assembly 2 lower 311 to 977.4 K I Ha 2.7 K 3. . 2.5 K Qualified.
I and boa. 4% i 2.6 K

550 K 2.6 K
650 K 3.3 K

i TK-2LF-003 Fue'l Assembly 2 lower 3.' to 977.4 K 1 Ha 2.7 K 350 K 2.5 K
. end bon. 450 K 2.6 K
1 550 K 2.6 K

650 K 3.3 K

I.

e

;

!

i
j
,

't
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TABLE B-1. (continued)

Initial Af ter Esperiment Ir.i t i at ion

variable, Condition
System, and Measurement Recording Uncertainty Uncertainty
Detector Loc a t ion Raete Freque ne y (*) Reading

,,,,
(*) Commen t es

TEMPERATURK
( con t inued )

Reac tor vessel
(continued)

TK- 2 ST-001 Downconer Stalk 2, 253.2 to 977.4 K 1 as 2.7 K 350 K 2.5 K Qualified.
4.8 e from SV bottom. 450 K 2.6 K

$50 K 2.7 K
650 K 3.3 K

TK-2ST-005 Downconer Stalk 2, 253.2 to 977.4 L 1 Ha 2.7 K 350 K 2.5 K Qualified.
2.37 e from RV bottom. 450 K 2.6 K

550 K 2.7 K
650 K 3.3 K

TK-2ST-D09 Downconer Stalk 2, 253.2 to 977.4 K 1 Hs 2.7 K 350 K 2.5 K Failed.
0.64 e from RV bottom. 450 K 2.6 K

550 K 2.7 K
650 K 3.3 K

hJ TK-2ST-013 Downconer Stalk 2, 253.2 to 977.4 K 1 Ha 2.7 K 350 K 2.5 K Failed.
$$ 0.24 m from RV bottom. 450 K 2.6 K

550 K 2.7 K
650 K 3.3 K

TK-2ST-014 Downconer Stalk 2, 253.2 to 977.4 K 1 Ha 2.7 K 350 K 2.5 K Failed.
1.17 m from RV bottom. 450 K 2.6 K

550 K 2.7 K
650 K 3.3 K

T. .JP-001 Fuel Assembly 2 upper 311 to 977.4 K 1 Hs -- 350 K 2.5 K
end bos. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K

TK-2UP-002 Fuel Assembly 2 upper 311 to 977.4 K 10 Hs 2.8 K 350 K 2.5 K
end bon. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K

TK-2UP-003 Fuel Assembly 2 upper 311 to 977.4 K 1 Ha 2.9 K 350 K 2.5 K Qualified.
end bos. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K

9 9 9. .
..
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TABLE B-1. (continued),
,

i

i
j !aitial Af te* Esperiment Initiation

j Variable, Condition
- System, and Mea surement Recording Unc er t a int y Uncertainty

a (t) Reading (*) CommentsDetector Loc a t i on Range Frequency
,

P1 TEMPE LATURE

| (cont inued )

Reactor vessel
(con t i nue d )

TE-3112-026 Cladding on Feet 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K
| Assembly 3. Row 5, 600 K 3.2 K
j Colmen 12 at 0.66 m 800 K 4.7 K

j above bottom of fuel 1000 K 6.2 K
i rod.

i

i TE- 3C 11-021 Cladding on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.a K

| Assembly 3. Row C, 600 K 1.2 K
* Column 11 at 0.53 m 800 K 4.7 K

above bottom of fuel 1000 K 6.2 K

} rod.

TK-3C11-039 Cladding on Feel 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K Oualified.
8 Assembly 3. Row C, 600 7 3.2 K
| Column 11 at 0.9% a 800 K 4.7 K
| above bottom of fuel 1000 K 6.2 K

h$ rod.'

43
TK-3F7-015 Cladding on Fuel 422 to 1533 K 1 Ha 3.1 K 450 K 2.8 K

Assembly 3, Row F, 600 K 1.2 K
Column 7 at 0.38 m 800 K 4.7 K

above bottom of fuel 1000 K 6.2 K

rod.

TE-3F7-021 Cladding on Fuet 422 to 1533 K 1 Ha 1.! K 450 K 2.8 K
Assembly 3 Kow F, 600 K 3.2 K

I Colwnn 7 at 0.51 m 800 K 4.7 K
I e'ove bottom r'. fuel 1000 K 6.2 Kn

] rod.

TE-3F7-026 Cladding on Fuel 422 to 1533 K 1 Ha 3.1 K 450 K 2.8 K
| Assembly 3, Row F, 600 L 3.2 K
i Column 7 at 0.66 m 800 K 4.7 K

above bot tom of fuel 1000 K 6.2 K

rod.

;
i

k
1

1

2
1

I, '

:

|
1
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TABLE B-1. (continued)

Initial Af ter Emperiment taitiation
VariaDie, Condition
System, and Measurement Recording Uncert aint y Uncertainty

s (1) Reading (1) Coeument eDetector Loc a t i on, Range Frequency

TEMPERATURE
'

(continued)

j Reac tor veseas
- Gontinue j -

TE-3F -030 Cladding on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.4 K
Assembly 3, Row F, 600 K 3.2 K

! colume 7 at 0.76 m 800 K 4.7 K

above bottom of fuel 1000 K 6.2 K
i

rod.

TE-ILP-001 Fuel Assembly 3 lower 311 to 977.4 K ! Ha 2.6 K 350 K 2.5 K Qualified.
end box. 450 K 2.6 K

| 550 K 2.6 K
$

650 K 3.3 Kj

TE- 3;'P-001 Fuel Assembly 3 upper 311 to 977.4 K 1 Ha 2.9 K 350 K 2.5 K Qualified.
end bon. 450 K 2.6 Kj- 550 K 2.6 K

) 650 K 3.3 K
I tJ

TE- 3UP- 002 Fuel Assembly 3 upper 311 to 977.4 K 1 Ha 2.9 K 350 K 2.5 K Qualified.j y
end ban. 450 K 2.6 K

| 550 K 2.6 K
i

| 650 K 3.3 K
i

! TK-3UP-003 Fuel Assembly 3 311 to 977.4 K 1 Hs 2.8 K 350 K 2.5 K Qualified.
j Support colusan above 450 K 2.6 K

ni nosale. 550 K 2.6 K,

650 K 3.3 K

TE- 3UP -004 Fuel Assembly 3 311 to 977.4 K 1 Ha 2.8 K 350 K 2.5 K Qualified,

suppo . .olumn above 450 K 2.6 K
av nusale. 550 K 2.6 K

650 K 3.3 K

TF.- 3UP-005 DTT FE 3UP-1 above 311 to 977.4 K 1H -- 350 K 2.5 K
Fue l A.a. ably 3. 450 K 2.6 K

| 550 K 2.6 K
650 K 3.3 Kj

;

1
?

?

!
i
.

h
1
i
1

|

1
4

1
1

! 9 G O. .
; e e
;
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| TABLE B-1. (continued)
;

I

Initial Af ter Esperiment Initiation

Verlable. Condition ,

i
System. and Measurement Recording Unce r taint y Uncertainty [

l Detector Location Range Frequeneye (*) Reading (!)

;
-

Commen t s
i

8 TEMPKKATURE
I (continued)
!

| Reactor vessel
Tion t i nued ) e,

| |

TK-3UP-006 Support column. 311 to 977.4 K ! da 2.8 K 350 K 2.5 K Qualified. +

450 K 2.6 K
550 K 2.6 K i

650 K 3.3 K ,,

! l

| TK-3UP-007 support column. 311 to 977.4 K 1 Ma -- 350 K 2.5 K
l-

| 450 K 2.6 K
| 550 K 2.6 K
' 650 K 3. 3 K

TK- 3cP-008 Liquid level transducer 311 to 977.4 K 1 Hs 2.8 K 350 K 2.5 K Qualified.
above Fuel Assembly 3. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 i

TK- 3LP-009 Liquid level transducer 111 to' 977.4 K I Hs -- 350 K ?.5 K .

y above Fuel Assembly 3. 450 K 2.6 K
550 K 2.6 K-=
650 K 1. 3 K

TK-3UP-010 Liquid level transducer 311 to 977.4 K 1 Ha 2.8 K 3*O K '5K Qualified,-

abova Fuel Assembly 3. 450 K 2.6 K
550 K 2.6 F
650 K 3.3 K

TK-3UP-011 Liquid level transducer 311 to 977.4 K 1 Ha 2.8 K 350 K 2.5 K Qualified.
above Fuel Assembly 3. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 Kj

f
j TK-3UP-012 Liquid level transducer 341 to 977.4 K 1 Ha 2.8 K 350 K 2.5 K Qualified.
! above Fuel Assembly 3. 450 K 2.6 K -

550 K 2.6 K I
'

650 K 3.3 K j

r

|

I

|

$
i
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| TABLR B-1. (continued)

i Initial Af ter Kaperiment Initiation

variable, Condationi

) System, and Measurement Kecording Uncertalaty Uncertainty
] De t e c t or Location K a n_ge Fregaency4 (*) Reading (*) Comment e

1

TKKFKKATURE
(cont inued )

se.et r ve..el
Tioscinued)

|
I TK-)UF-01) Liqasd level traneducer 311 to 977.4 K 1 us 2.8 K 350 K 2.5 K Qualified escept for
* above Fuel Assembly 3. 450 K 2.6 K spike at approsisately

350 K 2.6 K 12 000 a.
I 650 K 3.3 K
4

i

j TK-3UF-014 Liquid level t ransducer 111 to 977.4 K 1 Ha 2.8 K 350 K 2.5 K Qualified.
'i

above Fuel Assembly 3. 450 K 2.6 K
550 K 2.6 K
650 K 3.3 K

t

TK-3UF-015 Liquid level r .u. *ucer 311 to 977.4 K 1 Na 2.8 K 350 K 2.5 K Qualified.
I above Fae l A .sembl y .' 450 K 2.6 K

550 K 2.6 K
| 650 K 3.3 K
,

1 FJ TK-3UF-016 Liquid level transduc.r 111 to 97 7.4 K 1 Ha 2.8 K 350 K 2.5 K Qualified.
| fj ebove Feel Aostably 3. 450 K 2.6 K

550 K 2.6 K;

650 K 1. 3 K
.

1 TK-4Cl4-011 ClaJdtog on Fuel 422 to 1531 K 1 Ha -- 450 K 2.8 K

| Assembly 4, Kow G, 400 K 3.2 K
Coluna 14 at 0.28 m 800 K 4.7 K

j

j-
above bot tom of f uel 1000 K 6.2 K
rod.

! TK -4G 14 -030 Cladding en Fuel 422 to !$33 K 1 Na 3.2 K 450 K 2.8 K
, Assembly 4, Kow C, 600 K 3.2 K
d Column 14 at 0.76 m 800 K 4. 7 K

above bot tom of f uel 1000 K 6.2 K
,

rod.
i

| TK - 4C 14- 04) Cladding on Fuel 422 to 15 33 K 1 Na 3.2 K 450 K 2.8 K
| Assembly 4, Row C, 600 K 1.2 K
] Col en 14 at 1.14 m 800 K 4.7 K
' above bot t om o f f e t 1000 K 6.2 K

rod.:

I

i
<

i
!

i

,

| O O O. .
..
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TABLE B-1e .(continued) '[
t

Initial After Emperiment taitiation
'

Variable. Condition
. System, and Measurement . Recording Uncertainty Un,_ er t a tar y i

,

6. Detector Locatlet Range Frequencya (*) seadina (*.) Coment s !

I'

| TKnrEnATent
(continued) :

I

neuter ves.et :

{(continued )

TK-4H01-037 Claddins ce Fuet 422 to 1533 K I Ms 3.8 K 450 K , 2.8 K ' [
Assembly 4, now W, 600 K 3.2 K i
Colume 1 at 0.94 m 800 K '4.7 K I

above bottom of fuel 1000 K 6.2 K
rod. j

TK -4H02-028 Cladding on Feet ' 422 to 1533 K 1 us 3.1 K 450 K 2.8 K ,

A ssembly 4, Row M, 600 K. 3.2 K
Column 2 at 0.71 e 800 K 4.7 K [
above bottoe of fuel 1000 K ' 6.2 K ;

rod. ;

TK-4H02-032 ' Claddl33 on Fuel . 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K
Assembly 4, Row M, 600 K 3.2 K
Columm 2 at 0.81 e 800 K 4.7 K '
above bottom of fuel 1000 K 6.2 Ky

w rod. i

'W
l TK-4H08-039 Cladding on Feet 422 to 1533 K 10 Hs . - 450 K 2.8 K

Assembly 4. Row N, 600 K . 3.2 K ,

Column 8 at 0.99 m 800 K - 4.7 K .

above bottom of fuet 1000 K 6.2 K !

red.

' TK-4LP-001 Fuel Assembly 4 lower 111 to 977.4 K 1 Hs 2.6 K 350 K 2.5 K 7

end bos. 450 K 2.6 K !

550 K 2.6 K |
650 K 3.3 K <

!

TK-4LP-003 Fuel Assembly 4 tower 311 to 977,4 K . I Es 2.6 K 350 K 2.5 K qualified. |
end bos. 450 K 2.6 K !

550 K 2.6 K
650 K. 3.3 K !

k

TK-4UP-001 Fue!' Assembly 4 upper 311 to 977.4 K 1 Ns 2.8 K 350 K 2.5 K N itfied. !
end bos. 450 K . 2.6 K a

550 K 2.6 K
650 K 3.3 K t

I

t

|
| ';.

$

t

__ ___ _ _ _-_ _ _ __ __
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2 TABLE B-le (continued)
|

1
1

! laitial Af ter Esperiment Initiation
i variable, Condition

| Systes, and Measurement Kecording Unc e r t a int y Uncertainty
q Detector Location tante Frequencye ( *. ) Reading (*) em nte
i
1 TEMPKKATUkK
! (coa t inue d )

Reactor veneel
; Tiont i nued )
t

j TK-4UP-002 Fuel Assembly 4 upper 311 to 977.4 K 1 Ha 2.6 K 350 K 2.5 K
end b>s. 450 K 2.6 K

4 550 K 2.6 K
650 K 3. 3 K

1

TK-4tJP-00 3 Fuel Assembly 4 uppet 311 to 977.4 K 1 Ms 2.9 K 350 K 2.5 Ki

i end bo s . 450 K 2.6 K i

550 K 2.6 K '

a 650 K 3.3 K
|
i TK-SC6-024 Guide tube for Fuel 422 to 1533 K I Hs 3.1 K 450 K 2.8 K Qualified.
| Assembly 5. Row C, 600 K 3.2 K

Column 6 at 0.61 e 800 K 4.7 K

3 above bottom of fuel 1000 K 6.2 K
j rod.

I

N TK-5D6-030 Cla4 ding on Fuel 422 to 1533 K L Hs 3.2 K 450 K 2.8 K Qualified.?

| bd Assembly 5, Row D, 600 K 3.2 K
O Column 6 at 0.76 m 800 K 4.7 K

above bottom of fuel 1000 K 6.2 K
rod.

TK-5Dv-032 Cladding on Fuel 422 to 1533 K L Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 5. Row D, 600 K 3.2 K
Column 6 at 0.81 m 800 K 4.7 K
above bot tom of fuel 1000 K 6.2 K
rod. i

TK-506-037 Cladding on Fa t 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K Qualified.
j Assembly 5. Kaw D. 600 K 3.2 K
[ Column 6 at 0.94 m 800 K 4.7 K
1 above bottom of fuel 1000 K 6.2 K

| rod.
I

|" TK-5D6-039 Cladding on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 5, Row D, 600 K 1.2 K

t Column 6 at 0.99 m 800 K 4. 7 K
above bot tom of fuel 1000 K 6.2 K
rod.

I

:
i

i
#

! G G G. .
..

J

- , _ - - _
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TABLE B-1. (continued) !
!

i
'

i
'

Initial After Experiment feitiation
Variable, Condition

System, and Mea surement . Recording Uncertainty Uncertalaty -
Detector toestion Ranse Frequencya (*) Reading (*) Commente

m

TEMFEAATURE
' (continued)

t.
I teactor vesset ;
j (cont inued ) -

TK-5E8-002 Cladding on Fuel 422 to 1533 K 1 Ha - 450 K 2.8 K
Assembly 5 Row K, 600 K 3.2 K $

; Column 8 at 0.05 m 800 K 4. 7 K
3 above bottom of fuel 1000 K 6.2 K {

j rod. {

I TE-5E8-015 ' cladding on Fuel 420 to 1810 K 1 na 4.1 K 450 K 3.8 K Qualified.
Assembly 5, Row K, 600 K 4.2 K i

Column 8 at 0.38 m 800 K 5.2 K '-

I above bottom of fuel 1000 K 6.7 K I
- rod. t

- r

| TE-5E8-034.5 Cladding on Fuel 420 to 1910 K 1 Ns 4.2 K 450 K 3.8 K Qualified. i
i . 4.2 K

'

Assembly 5, row K, 600 K .

| Column 8 at 0.84 m 800 K 5.2 K L

above bottom of fuel 1000 K 6.7 K !
'

y
t., rod .- ?
LA

.

- I
'

i TE-5E8-049 Cladding on Fuel 422 to 1533 K 1 Na 3.2 K 450 K 2.8 K Qualified.
| Assembly 5, now K, 600 K 3.2 K

Column 8 at 1.24 m 800 K 4.7 K'

above bottom of fuel 1000 K 6.2 K
rod.

TE-5F3-024 Cladding on Fuel .22 to 1533 K ' 1 Na 3.1K- 450 K 2.8 K h
Assembly 5, Row F, 600 K - 3.2 K r

,

Column 3 at 0.61 m 800 K 4.7 K [,
'

t above bottom of fuel 1000 K '6.2 K

f| rod.

l -TE-5F4-015 ~ cladding on Fuel 422 to 1533 K 1 us 3.2 K 450 K 2.8 K Qualified.
"

-|; 4s.e.bt, 5. no. F, 600 K 3.2 K
Column 4 at 0.38 m - 800 K 4.7 K

1

above bottom of fuel 1000 K 6.2 K l

rod. }
t

i L

Y

-i

L

h
:

k
t

| 1

: '
*

1

k
t

i
'

|

!
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! TABLE B-1. (continued) ii
i

i
| !aitial After Experiment Initiation
s variable, Condittom +

System, and Measurement Recording Uncertalaty Unrettainty
Detector 1.oe s t i on tense Frequenera (*) Readina ( *.) Comment s [

TEMFERATURE

(costiaued)
*
'

teactor vessel i

(continued) t

TK-5F7-054 Cladding on Fuet 422 to 1533 K 1 us - 450 K 2.8 K
Assembly 5, Row F, 600 K 3.2 K
Column 7 at 1.37 m 800 K 4.7 K
above bottaa of fuel 1000 K 6.2 K '

rod. *

ITK-5F8-024 Cladding on Fuel 420 to 1810 K I Hs 4.1 K 450 K 3.8 Ki
'

Assembly 5. Row F, 600 K 4.2 K
Coluna 8 at 0.61 m 800 K 5.2 K (; above bottom of feet 1000 K 6.7 K -

rod.i

L

TK-5F8-028 Cladding on Fuel 420 to 1810 K 1 us 4.1 K 450 K* 3.8 K
Assembly 5, now F, 600 K 4.2 K iColoma 8 at 0.71 m 800 K S.2 K 'y above bottom of fuel 1000 K 6.7 K

{q rod.
.

TK-5F8-032 Cladding on Fuel 420 to 1810 K 1 Hs 4.1 K 450 K - 3.8 K
;Assembly 5 Row F, 600 K 4.2 K k

,

j Colume 8 at 0.81 m 800 K 5.2 K labove bottom of fuel 1000 K 6.7 K r

rod.

TK-5F8-037 Cladding on Fuel 420 to 1810 K 1 Bs - 450 K 3.8 K
{Assembly 5, Row F, 600 K 4.2 K iColma 8 at 0.94 m 800 K 5.2 K

above bottaa of fuel 1000 5 6.7 K Irod.

I! TE-5F9-011 Cladding on Fuet 422 to 1533 K 1 Hs 3.1 K 450 K 2.8 K Qualified. *

Assembly 5. Row F, 600 K 3.2 K
Col en 9 at 0.28 m 800 K 4.7 K ,above bottom of fuel 1000 K 6.2 K ;
rod.

p

l |

.i

4

i- t

4 i

1
.

.

,

;
-
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TABLE B-1. (continued)

Initial Af ter Esperiment Initiation

Variable, Condition
System, and Measurement Record si.. Uncertainty Uncertainty

s (*) Readint f*) Comment eDetector Loc a t ion Range Fre quene y

TEMPERATURK
(continued )

I seactor vessel
(continued)

TK-5F9-030 Cladding on Fuel 420 to 1810 K 1 Ha 4.2 K 450 K 3.8 K Qualified.
Assembly 5, Raw F, 600 K 4.2 K

| Column 9 at 0.76 m 800 K 5.2 K
; above bottom of f uel 1000 K 6.7 K

rod.4

!

TK-5F9-045 Cladding on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 5, Row F. 600 K 3.2 K
Column 9 at 1.14 m 800 K 4.7 K
above bottom of f uel 1000 K 6.2 K
rod.

TK-5F9-062 Cladding on Fuel 422 to 1533 K I Ha 3.2 K 450 K 2.8 K Qualified.
Assembly 5, tow F, 600 K 3.2 K
Column 9 at 1.57 m 800 K 4.7 K

kJ above bottom of fuel 1000 K 6.2 K
C'd

1 rod.
D<

,

TK- 5G6-0 l ! Cladding on Fuel 422 to 1533 K 1 Ha 3.1 K 450 K ?.8 K Qualified.
Assembly 5. Row C, 600 K 3.2 K'

1 Cwlumn 6 at 0.28 m 800 K 4.7 K
above bottom of f uel 1000 K 6.2 K

,

1 rod.

j TK-5G6-030 Cladding on Fuel 422 ta 1533 K 1 Ma 3.2 K 450 K 2.8 K Qualified.
] Assembly 5 Rod C. 600 K 3.2 K

Column 6 at 0 76 m 800 K 4.7 K;
- a bove bot t om o f f uel 1000 K 6.2 K

]
rod.

TK-5Go-045 Cladding on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K Qualified.
,

Assembly 5, Row G, 600 K 3.2 K
I Column 6 at 1.14 m 800 K 4.7 K

above bottom of fuel 1000 K 6.2 K
rod,

h
4

i

O O O
'

. .
..
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TABLE B-1. (continued)

laitial Af ter Emperiment Initiation
Variable. Condition
System, and Mea surement Recording Unc ert aint y Uncertainty
Detector Loc a t ion Range Frequenc y8 (1) Rewding (!) Co mment s

TEMPERATURK
(cont i nued )

2
Reactor Veseel
(continued)

TK-5G6-062 Cladding on Fuel 422 to 1533 K 1 Ha 3.2 K 450 K 2.8 K Qualified.Assembly 5, Row C, 600 K 3.2 K
Column 6 at 1.57 m 800 K 4.7 K
above bottom of fuel 1000 K 6.2 K
rod.

1

TL T8-008 Cladding on Fuel 422 to 1533 K 1 Hs 3.1 K 450 K 2.8 K Qualified.Assembly 5, Row C. 600 K 3.2 K
Column 8 at 0.20 e 800 K 4.7 K
above bottom of fuel 1000 K 6.2 K
rod.,

TK- 5G8-026 cladding on Fuel 410 to 1820 K 1 Ha 3.2 K 450 K 3.8 K Qualified.
Assembly 5, Row C, 600 K 4.2 K
Column 8 at 0.66 m 800 K 5.2 K

g3 above bottom of fuel 1000 K 6. 7 K
La rod.
ND.

1 TK-5G8-041 Cladding on Fuel 422 to 1533 K 1 Ha 3.2 K 450 K 2.8 K
i Assembly 5. Row C, 600 K 3.2 K

Column 8 at 1.04 m 800 K 4. 7 K4

1 above bottom of f uel 1000 K 6.2 K
rod.

5 TK-5G8-058 Cladding on Fuel 422 to 1533 K i Ha 3.2 K 450 K 2.8 K Qualified.
Assembly 5, Row C, 600 K 3.2 K
Column 8 at 1.47 m 800 K 4.7 K

, above bottom of fuet 1000 K 6.2 K
4 rod.
J

TK-5H5-002 Cladding on Fuet 422 to 1533 K 1 P3 3.1 K 450 K 2.8 K Qualified.
( Assembly 5. Raw H, 600 K 3.2 K

Colman 5 at 0.05 m 800 K 4.7 K
above bottom of f uel 1000 K 6.2 K
rod.

i

4

1

l
.

l.

k

_ _ _ _ _
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TABLE B-1. (continued).

i
.

i
'

Initial Af ter Esperiment Initiation
Variable, Conditten

System, and Mea s urement Recording Uncertainty Uncertainty
Det ec t o r foestion Range Frequenc ya (t) Readina (*) Comments

TEMFERATUREa

j (continued)
}
j teactor vesset
j (coniinued)
1

| TE - 5H 5-015 Cladding on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 5, Kow H, 600 K 3.2 K

I Column 5 at 0.38 m 800 K 4.7 K

j above bottom of f uel 1000 K 6.2 K

j rod.
I

i TE- 5H S-0 34. 5 Cladding on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K Qualified.
] Assembly 5, now H, 600 K 3.2 K
i Column 5 at C.88 m 800 K 4.7 K
l above bot tom it f uel 1000 K 6.2 K
' rod.
1

|
5 TE - 5H 5 - 049 Cladding on Foet 422 to 1533 K 1 Ha 3.2 K 450 K 2.8 K Qualified.

Assembly 5. Kow W. 600 K 1.2 K*

| Colman 5 at 1.24 m 800 K 4.7 K
above bottom of fuet 1000 K 6.2 K

p3
rod.

- TE - 5H 6-024 Cladding on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 5, Row H, 600 K 3.2 K
Column 6 at 0.61 m 800 K 4.7 K

4 above bot tom of fuel 1000 K 6.2 K
} rod.
t

1
1 TK-5H6-028 Cladding on Fuel 422 to 1533 K 1 Ha 3.2 K 450 K 2.8 K Qualified.
! Assembly 5. Row H, 600 K 3.2 K
i Column 6 at 0.71 = 800 K 4.7 K
j above bottom of fuel 1000 K 6.2 K
i rod.

1
'

TE-5H6-032 Cladding on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 5, Row H, 600 K 3.2 K
Column 6 at 0.81 m 800 K 4.7 K
above bottom of fuel 1000 K 6.2 Ki

} rod.
<
t

,

1

4

;
4

1

i

1

O G 9: _ .. ..
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TABLE B-1. (continued)

Initial Af ter Emperiment Initiation
Variable, Condition
System, and Measurement Recording Uncertainty Uncertainty
Detector Loc a t ion Range Fre quenc ya (*) Reading (*) Comments

TEMPEKATURE
(con t i nued )

Beactor Vessel
( cont i nued )

TE-5H6-037 Cladding on Feel 422 to 1533 K 1 Ha 3.2 K 450 K 2.8 K Qualified.
Assembly 5, R)w M. 600 K 3.2 K
Column 6 at 0.94 m 800 K 4. 7 K
above bottom of fuel 1000 K 6.2 K
rod.

TK- 5H 7-008 Cladding on Fuel 422 to 1533 K 1 Hs 3.1 K 450 K 2.8 K
Assembly 5, Row H, 600 K 3.2 K
Column 7 at 0.20 a 800 K 4.7 K
above bottom of fuel 1000 K 6.2 K
rod.

TE - 5H 7-026 Cladding e.n Fuet 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K
i Assembly 5, Row H, 600 K 3.2 K

Column 7 at 0.66 m 800 K 4.7 K
bJ above bottom of f eet 1000 K 6.2 K

i b * rod.==
j

TE - 5H 7-041 Cladding on Fuel 422 to 1533 K I Hz 3.2 K 450 K 2.8 K
Assembly 5, Row N, 600 K 3.2 K
Column 7 at 1.04 m 800 K 4.7 K
above bottom of fuel 1000 K 6.2 K
rod.

i TE - 5H 7-058 Cladding on Fue! 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K
Assembly 5. Row H, 600 K 3.2 K
Column 7 at 1.47 m 800 K 4.7 K
above bottom of fuel 1000 K 6.2 K
rod.

TK-516-005 Cladding on Fael 422 to 1533 K 1 Ha 3.1 K 450 K 2.8 K
Assembly 5, now 1, 600 K 3.2 K
Column 6 at 0.13 m 800 K 4.7 K
above bottom of fuel 1000 K 6.3 K
rod.

I
!

a
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TABLE B-l e (continued),

|

loltlet Af ter Engeriment laitiaties~ ~ ~ ~

ver 6 ble, Conditto.'

f systee, and neeeurement Escording Uncer t e int y uncertalaty

,
notector to< .t t .>n Eenge pr e ggengy, ( ;1,___ Ee.4 t ag,,, (*) commentee

1

TEMPtaATUtt
(con t 6 mwed )

4

1 a ector veneel
$ . 'o.n'_t'_T$e. .lT'~(< . -
j

TE - 516-021 Cle446ag on puoi 422 to til) E I Hs 3.2 E 440 E 2.4 E
Assembly ). Bow I, 600 E 1.2 E
Column % st 0.5) e 500 E 4. 7 E
a bo ve bottom of feet 4000 E 6.2 E

! rod.
i

; FE-Sl6-019 Cle44 sag on fuel 422 to !))) E 1 Hs 1.2 E 450 E 2.8 E

',
Assembly $, E.sw I, 600 E 1.2 E'

Coloma 6 et 0.94 m 800 E 4.7 E
above bottrm of fust 1000 E 6. 2 E
rod.

.

TE-$l6-044 Clodair.g on Fuel 422 to 1))) E i Na 1. 2 E 450 E 2.8 E
I Aseeebly 1, Row l. 600 E 1. 2 E
' Col.ame 6 et 1.17 m 600 K 4. 7 E

, DJ above bot t om of f uel 1000 K 6.2 E*

i 4* rod.
. ta

| TE-514-004 Cla44ang on ruel 422 to 111) E I Hs 3.L E 450 5 2.8 E Quellfie4
1 Assently 1. Eow I, 600 E s.2 E

Column 4 et 0.20 e 890 E 4. 7 E
above bot tom of f uel L000 E 6.2 E
tod.

,

i

< T1-414-026 Cle44ing on Fuel 422 to till E ! Me 1.2 E 410 E 2.4 E Qwat4 fled.
4 Ateeehly 1, Kuw I, 600 E ).2 E

Column 5 at 0.66 e 800 K 4. 7 Ei

above bottoo of fuel 1000 E 6.2 E'

ro4.
i

I TE-$ta-u*! Cle446ng an F.el 422 to 1%ll E | Ms 1.2 E 440 K 2.0 K qualifie4.
j As eeabl y 1. Eow I, 600 E 3.2 E
. Colomo e et 1,04 e 800 5 4.7 E
j absve bottne of fuel 1000 E 6.2 E
i ro4.
1

4

i

a

j

l
:

!

.,

..
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TABLE B-1. (continued)
I

.i
6

Initial After Kuperiment Initiation
Variable, Condition

j system, and twasurement encording Uncertainty Uncertainty . .

I Detector Location Range Frequencya (*) Reading C) Comments I

TEMPfRATURE
(continued )

Reactor Vessel
(centineed) L

!TK-518-058 Cladding on Fuel 422 to 1533 K 1 us 3.2 K 450 K 2.8 K Qualified. jAssembly 5, how I, 600 K 3.2 K
3Column 8 at 1.47 m 800 K 4.7 K -

above bottom of fuel 1000 K 6.2 K '
rod.

_ TK-5J3-024 Cladding on Fuel 422 to 1533 K 1 us 3.1 K 450 K 2.8 K
Assembly 5, Row J. 600 K 3.2 K

;Column 3 at 0.61 m 800 K 4.7 K
, above bottom of fuel 1000 K 6.2 K I
i rod.

[
Cladd'ng on Fuel 422 to 1533 K 1 us 3.2 K 450 K 2.8 KTK-5J4-015 i
Assembly 5, Row J. 600 K 3.2 K
Column 4 at 0.38 m 800 K 4.7 K i

,

u above bottom of fuel 1000 K 6.2 K I& rod.ha 6

.f

TK-5J4-021 Cladding on Fuel' 422 to 1533 K 1 us 3.2 K.
. .

,
450 K 2.8 K '

Assembly 5, now J. 600 K 3.2 K
4e Column 4 at 0.53 m 800 K 4.7 K
;above bottom of fuel 1000 K 6.2 K .rod.
L

t

TK-5J4-026 Cladding on Fuel .422 to 1533 K 1 us 2.8 K 450 K 2.8 K '

Assembly 5 pow J, 600 K 3.2 K *

Column 4 at 0.66 m 800 K 4.7 K [above bottom of fuel 1000 K 6.2 K t
; rod.

I
j TK-5J4-030 Cladding on Fuel 422 to 1533 K l'ai4 3.2 K 450 K 2.8 K '

Assembly 5, Row J. 600 K 3.2 K,

;Column 4 at 0.76 m 800 K 4.7 K
above bottom of fuet 1000 K 6.2 K i
rod.

|

f
i

!

!

(
.

i i
i'

t
~

i
i

r
'!

$
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TABLE B-1. (continued)

Initial Af ter taperiment Initiation

Variable. Condition
system, and Mea surement Recording Uncertainty Uncertainty

a (*) ReadinK (*) CommenteDetector Location Range Frequency

TEMPERATURE
(continued)

Reactor Vessel
(continued)

TK-5J7-011 Cladding on Fuel 422 to 1533 K 1 Ha 3.2 K 450 K 2.8 K
Assembly 5, Raw J, 600 K 3.2 K
Column 7 at 0.28 m 800 K 4.7 K
above bottom of fuel 1000 K 6.2 K

rod.

TK-5J7-030 Cladding on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K
Assembly 5, Row J. 600 K 3.2 K
Column 7 at 0.76 m 800 K 4.7 K
above bottom of fuel 1000 K 6.2 K

rod.
2

TK-5J7-045 Cladding on Fuel 422 to 1533 K 1 Ha 3.2 K 450 K 2.8 K
Assembly 5, Row J. 600 K 3.2 K
Column 7 at 1.14 m 800 K 4.7 K

N above bottom of fuel 1000 K 6.2 K
4
' h rod.

TK-5J7-062 Cladding on Fuel 422 to 1333 K 1 Ha 3.2 K 450 K 2.8 K
Aseeably 5, Row J. 600 K 1.2 K
Column 7 at 1.57 m 800 K 4.7 K

above bottom of fuel 1000 K 6.2 K
rod.

1 TK-5J8-024 CladJing on Fuel 422 to 1533 K 1 Ha 3.2 K 450 K 2.8 K
Assembly 5, Row J, 600 K 3.2 K

! Column 8 at 0.61 m 800 K 4.7 K

above bottom of fuel 1000 K 6.2 K'

rod.

TK-5J8-028 Cladding on Fuel 422 to 1533 K I Ha 3.2 K 450 K 2.8 K

Assembly 5, Row J, 600 K 3.2 K
Column 8 at 0.71 m 800 K 4.7 K
above bottom of fuel 1000 K 6.2 K

rod.

O O O- .
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_

-
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i TABLE B-1. (continued)
I

i

| Initial After Euyerieemt laitiaties

! Yariable. Condition j

! Systee, and Measurement Recording Uncert aiet y Uncertainty .

| Detector Location Kange Frequency * (*) ReaJing (*) Ceameeto

i
i TEMPERATURE
! 1 continued)

,
1

| neactor vesset |

|
(coati =ued) i

!

TI-518-002 C1.4 ding on Fuel 422 to 1533 E 1 as 3.1 E 450 E 2.8 E
Assembly 5. Row E, 600 E 3.2 E

|Coloma 4 at 0.05 e 800 K 4.7 E

above bottoe of fuel 1000 E 6.2 E
rod.

TI-5E8-015 Cladding on Feet 422 to 1533 K L Ma 3.2 E 450 K 2.8 E
Assembly 5, Kow E. 600 K 1.2 E'

j Colaan 8 at 0.38 m 800 K 4.7 K i

| above bottom of fuel 1000 E 6.2 E
rod..

I

i TE-518-0 %.5 Cladding on F ml 422 to 1531 E 1 Ma 3. 2 E 450 E 2.8 K .

I

I Assembly 5. Eow E, 600 E 3.2 E
Col m 8 at 0.88 e 800 E 4. 7 E |

FJ above bottoe of fuel 1000 K 6.2 E i

Ih rod.

TE-518-0 9 Cladding on Faet 422 to 1533 E 1 na 3.2 E 450 E 2.8 E
Assembly 5. Eow E. 600 K 1.2 E
Coluna 8 at 1.2. m 800 K 4.7 E

j above bot *om of f eet 1000 E 6.2 E
tod.

21-5LF-001 Fuel Assembly 5 lower $11 to 977.4 E 1 us 2.7 E 150 E 2.5 E N 1 stied. I

end bon. 450 E 2.6 K
i$50 E 2.6 E

650 E 1. 3 K !

TI-5LP-002 F e l Assembly 5 tower 111 to 977.4 E I Na 2.7 E 350 E 2.5 E

| end bos. 450 E 2.6 E
550 E 2.6 E
650 K 3.3 E

!

TE-5LP-003 Fuel Assembly 5 lower 111 to 977.4 E 1 Ma 2.7 E 350 E 2.5 E b

end boa. 450 E 2.6 E |
i

5% E 2.6 Et

) 650 E 3.3 E
i

!. l

k

} I

|

|

+

,. -
_

, i
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TABLE B-1. (continued)

Initial Af ter Esperiment laitiatium

variable. Coeditten
Systes, and Measurement Recording Decertainty Dacertataty
Detector Location tange Frequencya (t) g,,4 tog (*) Commente

TEMPEEATURE
(coatinued)

ae.ecoe vessel
6ent i nued )

TE-5L8-024 Guide tube for Fuel 422 to 1533 K 1 Na 3.1 E 450 E 2.8 E Qualified.
i Assembly 5. Eow L, 600 E 3.2 E
| Column 8 at 0.41 e 800 K 4. 2 E

above bottoo of fuel 1000 E 6.2 E
rod.

TE-5LS-039 cuide tube for Fuel 422 to 1533 E 1 na 3.1 E 450 E 2.8 E Qualified.
.| Assembly 5. Kow L, 600 E 3.2 E
i Col ma 8 at 0.99 a 800 E 4. 7 E
! aboee bottom of f uel 1000 E 6.2 E
I rod.
4

I TE-5L6-045 Guide tube for Fuel 422 to 1533 E 1 na 3.1 E 450 E 2.4 E qualified.
Assembly 5. E0w L, 600 K 3.2 E
Colmn 8 et 1.14 m 800 E 4.7 E

PJ above bottom of f uel 1000 E 6.2 E

M rod.

TE-5Mb-024 Guide tut-e for Fuel 422 to 1533 E & Na 3.1 E 450 E 2.8 E Qualified.
Ae neebly 5. Eow M, 60G E - 3.2 E
column 4 at 0.61 m 800 K 4.2 E
above bottom of fuel 1000 K 6.2 E
rod.

TE-50P-001 Fuel Assembly 5 upper 311 to 977.4 E I Ma 2.9 E 350 E 2.5 E Qualified.
end boa. 450 E 2.6 E

550 E 2.6 E
650 E 3. 3 E

TE-5UP-002 Fuel Assembly 5 upper 118 to 977.4 E ' Hs 2.9 E 350 E 2.5 E Qualified.
| end boa. 450 E 2.6 E
t 550 E 2.6 E

650 E 3.3 E

TE-5UP-003 Fuel Assembly 5 upper 111 to 977.4 E I Ma 2.9 E 150 E 2.5 E Qualfiled.
end boa. 450 E 2.6 E

550 E 2.6 E
650 E 3.3 E

i

i

;

i

!

i

w b
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TABLE B-1. (continued)

laitial After Esperiment Initiation i

variable. Condition
'

! System, and Measerement Recording Uncertainty Lincert aint y
8 (*) Readina (*) C-nt e L_ Detector 1.oc a t i on Range Fre quenc y

:| fErstERAfUk2
4 (continued)
i

a. actor vesselj
(continued)

1 TE-5CF-004 Fuel Assembly 5 upper 111 to 977.4 E I us 3.0 K 350 E 2.5 K
i end box. 450 E 2.6 E

550 K 2.6 E
650 K 3.3 K3

TE-5UF-005 Fuel Assembly 5 upper 311 to 977.4 K 1 us 2.9 K 350 K 2.5 K Qualified.
end boa. 450 E 2.6 E

. 150 E 2.6 K
j 650 K 3.3 K

TE-5UF-006 Fuel Assembly 5 upper 311 to 977.4 K 1 us 2.9 K 350 K 2.5 K Qualified.
end boa. 450 E 2.6 K

550 E 2.6 K
650 K 3.3 K I

TE-5UF-007 Fuel Assembly 5 upper 318 to 977.4 E 1 us 2.9 E 350 E 2. 5 E Qualified.$ end bon. % 450 E 2.6 K
WD 550 K 2.6 K

650 K 3.3 E
q
.

j TE-SUF-008 Fuel Assembly 5 upper 311 to 977.4 E 1 as 2.9 K 350 E 2.5 E Qualified, i

j end bon. 450 K 2.6 K
' 550 E 2.6 E
j 650 E 1.3 K

TE-5UF-009 Fuel Assembly 5 upper 311 to 977.4 E 1 us 2.9 E 350 K 2.5 E Qualified.
i end bos. 450 E 2.6 E
} 550 E 2.6 K

,

j 650 E 1. 3 E j

TE-6E8-045 Cladding on Fuet 422 to 1533 K 1 us 3.2 E 450 E 2.8 K
1 Assembly 6. Rou E, 600 K 3.2 E h

| Column 8 at 1.14 a 800 K 4. 7 E
above bottoe of fuel 1000 E 6.2 E4

q rod.

,

;

}
i

i
'

!
'

!

4
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TABLE B-1. (continued)

Initial after Emperiment Initiation

variable. Condition |
System, and Measurement Recording Uncert aint y Uncertainty '

e (e) g,.ging (*) CommentsDetector Loc at ion Range Frequency

TEMFERATURK i

(continued)

,e.ctor Te.sel

(continued)

TE-6C14-011 Cladding on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K i

Assembly 6, Row C, 600 K 3.2 K
Column 14 at 0.28 m 800 K 4.7 K
above bottom of feel 1000 K 6.2 K !

rod. ,

1

TE-6Cl4-030 Cladding on Fuel 422 to 1533 K 1 Hs 3.2 K 450 K 2.8 K
Assembly 4, Row G, 600 K 3.2 K
Column 14 at 0.76 m 800 K 4.7 K
above bottom of fuel 1000 K 6.2 K
rod.

.

I

ITE-6G14-045 Cladding on Fuel 422 to 1533 K 1 Ha 3.2 K 450 K 2.8 K
Assembly 6, Row C, 600 K 3.2 K

'
Column 14 at 1.14 a 800 K 4.7 K

|above bottom of feet 1000 K 6.2 Ky
. rod.
O

TE-6H01-037 Cladding on Fuel 422 to 1533 K 1 Ha 3.1 K 450 K 2.8 K 1

Assembly 6. Row H, 600 K 3.2 K |-
Column 1 at 0.94 e 800 K 4. 7 K ,

above bottom of fuel 1000 K 6.2 K
rod.

TE-6H02-028 Cladding on Fuel 422 to 1533 K 1 Ma 3.1 K 450 K 2.8 K 1

Assembly 6 Row H, 600 K 3.2 K [
Column 2 at 0.71 m 800 K 4.7 K
above bottom of fuel 1000 K 6.2 K
rod.

TE-6H02-032 Cladding on Fuel 422 to 1533 K 1 Ha 3.1 K 450 K 2.8 K
Assembly 6, Row H, 600 K 3.2 K
Column 2 at 0.51 m 800 K 4.7 K
abwe bottom of f eel 1000 K 6.2 K
rod.

i

|
,

,

i

|

>

0 O O i
. .

_.
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TABIE B-1. (continued)

Initial Af ter Esperiment laitiaties
Variable, Condition
System, and Mesourement Recording Uncert aint y Uncertainty

Det ec tor Loc a t isa Range Fre quene y e (*) g,.4[,g (*) Commente

TEMPERATURE
(continued)

Reactor vessel
(5 otinued)

TI-6H08-039 Cledding on Fuel 422 to 1533 E & Es 3.1 E 450 E 2.8 E
Assembly 6. Row N, 600 K 3.2 E
Column 8 at 0.99 e 800 E 4.7 E
a beee bot t om o f f ue l 1000 K 6.2 E
rod.

TE-6LF-001 Fuel Assembly 6 lower 311 to 977.4 K 1 Na 2. 7 E 350 E 2.5 E Qualified.
end bos. 450 E 2.6 E

550 E 2.6 E
650 E 3.3 K

TE-6LP-003 Fuel Assembly 6 lower 141 to 977.4 E 1 Ha 2.7 E 350 E 2.5 E
end boa. 450 E 2.6 E

$50 K 2.6 K
650 E 3.3 E

bJ

[[ TE-6UF-001 Fuel Assembly 6 upper 311 to 977.6 E 1 Ma 2.8 K 350 E 2.S E Qualified,
end boa. 450 K 2.6 E

550 E 2.6 K
650 E 3.3 E

TE-6UF-003 Fuel Assembly 6 upper 341 to 977.4 K 1 Hs 2.9 E 350 K 2.5 K Qualified.
end bon. 450 E 2.6 E

$50 E 2.6 E
650 K 3. 3 K

Secondary
Coo t en t system

TT-r004-004 Secondary coolant 366 to 505 E I Ma 0.9 a -- 0.9 E Qualified.
system feedwater.

Energency Core
fooltog systee

TT-F120-062 Cold les injection in 280 to 620 E 1 Hs 2.8 K -- 2.1 E
4-an, line upstream of
cold leg injectame
point .
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TABLE B-1. (continued) }

Initial After Experiment Initiation y

varieste, Condition r

System, and Mes s arement Recording Uncertainty Unc er t aint y |
'

Detector Location Penge Freqwney* (*) Reading (*) Comments

TEMPERATURE
( coat i nued )

I nt ac t Loop
L

TT-F139-032 latact loop hot leg 533 to 616 E 1 Ha 0.5 K - 0.5 K Qualified for initial
primary coolant, conditions only.

Channel A.

t
'

TT-F139-033 Intact loop hot leg $33 to 616 E I Ma 0.5 E - 0.5 E Qualified for initial
primary coolant, conditions only. l

Channel 5.

TT-F139-0M Intact loop hot leg 531 to 6l6 K 1 Ha 0.5 K - 0.5 E Qualified for initial |
petsary coolant, conditions only.
Channel C. j

. TRANSIT TIME
I

| Broken Logo
8 tJ
! y
! front.

,
1 Ha -- O m/s 0.75 m/sTTE-BL-OLA-1 Cold teg, bottom. *76 m/s

40 m/s 2.36 m/s
| 76 m/s 4.33 m/s !

t

1 6 m/s 1 Ha -- O m/s 0.75 m/s' 7TTE-BL-GIA-2 Cold teg, bottom,,

[ center. 40 m/s 2.36 m/s
76 m/s 4.33 m/s

j

TTE-BL-01A-3 Cold leg, bottom. *76 m/s 1 Ha -- O m/s 0.75 m/s
rear.

,

40 m/s 2.36 m/s
76 m/s 4.33 m/s

1 6 m/s i Ha -- O m/s 0.75 m/s7TTE-BL-018-1 Cold leg, center,
front. 40 m/s 2.36 m/s e

76 m/s 4.33 m/s

TTE-BL-018-3 Cold leg, center. *76 m/s i Ha -- O m/s 0.75 m/s
re a r .

,

40 m/s 2.36 m/s
76 m/s 4.33 m/s

!

I

-| |

.

3
'

1

1 ,

i
b

4

'

; e e e. -
.. .

a
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1r/LBLJs B-1. (contirtued ) I

k

Initial Af ter t aperiment Initia' son
Variable, Condation
$yetee, and Measurement Recording Uncer t a 6 nt y Uncertainty

Det ec t or Loretton R ange Freq4encye (3) g, ,3 , , g ___ (*) Comment s
,,,,

i

TEANSIT TIPE
|(con t inued )

3 Efty_n _ly37 ;
fcustinued) ,

TTE-BL-CIC-1 Cold leg, top, 76 m/s ! Na -- C m/e 0.73 m/e '

front. 40 m/s 2.36 m/s -

76 m/s .31 m/s

TTE-SL-01C-2 Cold leg, top, *?6 e/o I Ha -* O ele 0.7% ele i

center. 40 m/s 2.36 m/s
76 m/s 4.33 e/o i

TT E - E L-01C- 1 Cold leg, top, +76 m/s ! Na -- O m/s 0.73 m/s
rear. 40 m/s 2.3

! ..,6,
m/s

7. .i. .i.
E

|

e. Recording fregwency se the measurement channel bandeidth at the *)*45 level.
4

b. Re f erence B-1., ,
4 La

he c. Re f erenc e 5-2.

4. Re f erence B-3.
I

e. The steam generator level se defined se 0 at 2.91 e above the top of t he tube sheet.

f. Reference B-4

g. Reference S-5.

h. Pressure measurement e are presented as absolute valese.
4
e
i

!

l

}
'l

i ,

i
i

1
i

)
i

:
4

i

i
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