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ABSTRACT ,

~.

This report presents selected. uninterpreted data allowed to continue until the primary cociant
from the first intermediate-size break loss-of- system (PCS) pressure was low enough to allow
coolant experiment (designated L5-l), and the scaled emergency core coolant flow to reflood the
second sesere core transient experiment (desig- partially uncosered core. Cladding thermal limits
nated L8-2) conducted in the Loss-of-Fluid Test were not exceeded during the transient.
(LOFT) facility. The LOFT facility is a 50-MW(t)
pressurized water reactor (PWR) system with

Experiment L3-2 was identical to Experiment
extensis e instrumentation to measure the thermal-

L5-1 except that the accumulator and low-pressure
hydraub_e conditions during the experiments. The

; g , g;g
primary system operating fluid conditions of the

into the PCS until after core uncos ery had occurred
LOFT system are typical of large ( ~ 3500 MW (t)],

- and the PCS pumps had been testarted. PCS pump
commercial PWR operations.

restart did not produce a moderation in the core
Experiment L5-1 simulated the rupture of a thermal transient, and Accumulator A flow was

single,14-in. accumulator line (one-of-four) in a unblocked by the operator at a preselected tempera-
commercial, four-loop PWR. Accumulator injec- ture. All plant protectise systems were triggered
tion pressure was lowered to induce core uncos cry automatically shortly thereafter, followed by a
at relatisely high decay heat lesels. Break flow was rapid reflood of the PCS.

fe

.

9
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SUMMARY
-

:

( Experiments L5-1 and L8-2 were performed on bundles by 214.0 * ) 0 s. The transient was ter-
"

September 24 and October 12, 1981, respectisely, minated 213 2 I s following its initiatior when all
as part of the Loss-of-Fluid Test (LOFT) Experi- monitored core thermocouples indicated at or
mental Program conducted by EGAG Idaho, Inc., below saturation temperature.
for the U.S. Nuclear Regulatory Commission.
Experiment L5-1 is the first experiment in the During Experiment LS-1 scaled quantities ofg
LOFT Intermediate Break Experiment Series LS, ECC water were injected into the PCS cold leg.
which was designed to identify and evaluate the
LOFT system thermal-hydraulic response to Experiment L5-1 was initiated from PCS condi-'

intermediate-sized break loss-of-coolant tions of: hot leg temperature,579.1 0.9 K; cold'

" experiments. Experiment L8-2 is the second experi- leg temperature, 552.3 0.9 K; hot leg pressure,
ment in the LOFT Sesere Core Transient Experi- 14.93 * 0.08 51Pa; and intact loop flow rate,
ment Series L8, and was designed to evaluate the 308.2 4.0 kg/s. The preinitiation reactor power
effect of primary coolant pump res'. art on core output was 45.9 1.2 MW, with a maximum
cooling when the primary coolant system (PCS) is linear heat generation rate of 46.0 3.5 kW/m.
highly voided of liquid.

Experiments L8-2 and L5-1 were identical in
For Experiment L51, the broken loop cold leg execution until the time of accumulator injection in

(BLCL) of the LOFT facility was fitted with a Experiment L5-1. Accumulator A (pressurized to
46.9-mm-diameter, elliptical entrance nozzle to 4.5 * 0.05 MPa in Experiment L8-2) was inhibited
simulate a single,14-in. accumulator injection line from injecting fluid to the PCS, and all core ther-
tone-of-four) in a commercial four-loop pressur- mocouples indicated thermal transient initiation by
ized water reactor (PWR). The emergency core 240 * 2.0 s. PCS pumps were restarted at 234
coolant (ECC) injection line break, defined as an 0.5 s, w hen the fuel cladding thermocouple setpoint
intermediate break, is sized between the hydro- of 811 * 3.0 K was reached. Fuel cladding tem-

( l statically controlled small breaks (6 in. or less) and peratures continued to increase without moderation
\

'

the inertially dominated large breaks (greater than until 950 2 3.0 K was indicated at 286.0 * 0.5 s,
. ~j

18 in.) which have been imestigated extensively in when Accumulator A (scaled) injection was initi-
both the LOFT and Semiscale facilities. Experi- ated by operator action. Cladding temperatures
ment LS-1 was initiated by opening the BLCL continued to increase, reaching the plant protective
quick-opening blowdown valve. A low-pressure system (PPS) high temperature trip point (978 K) at
scram (14.19 MPa) followed at 0.166 * 0.01 s, 299.2 2.0 s. The maximum recorded tempera-
and ECC high-pressure injection to the PCS began ture of 987 * 3.0 K occurred at 299.1 0.5 s.
at 0.4 * 0.1 s. Power to the PCS pumps motor- The PPS trip initiated ECC flow from the high-
generator sets was manually tripped at 4.0 0.5 s; pressure injection system and Accumulator B (both
coastdown was complete at 19.3 0.l s.The main unscaled), and core reflood was complete by
feed pump was tripped on reactor scram coincident 306.4 0.5 s.
with the steam generator steam control vahc begin-
ning to ramp shut; the valve was fully shut at Experiment L8-2 was initiated from PCS condi-
12.1 * 0.1 s. tions of: hot leg temperature,579.3 0.8 K; cold

leg temperature, 552.4 * 0.9 K; hot leg pressure,
O Saturation pressure was reached in the upper 14.86 0.06 MPa; and intact loop flow rate,

plenum at 0.2 * 0.1 s and in the BLCL at 311.1 * 4.0 kg/s. The preinitiation reactor power
10.5 * 0.5 s. Blowdown of the PCS continued output was 46 * 1.2 MW, with a maximum linear
with a fuel cladding thermal excursion beginning heat generation rate of 45.8 * 3.5 kW/m.
at 108.4 * 1.0 s; PCS pressure at that time was.

3.6 * 0.1 MPa. Experiments L5-1 and L8-2 satisfied the
specified objectives. This report presents data in

A maximum fuel cladding temperature of 715 K the form of graphs in SI and British units. In con-
was reached at 198.0 2.0 s, with scaled ECC junction with data obtained from direct measure-

(N flow from the accumulator (commencing at 185.8 ment, chosen computed variables are included to

( ) 0.5 s) and low-pressure injection system (com- facilitate the analysis of the system thermal-
N - / mencing at 201.0 0.5 s) recovering the fuel hydraulic behavior.

*
...
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EXPERIMENT DATA REPORT FOR
y LOFT INTERMEDIATE BREAK EXPERIMENT L5-1

AND SEVERE CORE TRANSIENT EXPERIMENT L8-2
-

'
1. INTRODUCTION

o

This report presents selected, uninterpreted data 5. An emergency core coolant (ECC)
from Experiments LS-1 and L8-2 which were con- injection system consisting of two
ducted at the Loss-of-Fluid Test (LOFT) facility, low-pressure injection system (LPIS)

*
pumps, two high-pressure injection

Experiment LS-1, performed on September 24, system (HPIS) pumps, and two
1981, was the first loss-of-coolant experiment accumulators.
(LOCE) at LOFT to provide thermal-hydraulic
information on an intermediate-size break (LOIT
Intermediate Break E.wperiment Series L5). 8 ".e presents the LOFT piping. .

s emauc. ra na rnianon on beExperiment L5-1 simulated the rupture of a single,
LOFT system, refer to Reference I and14-in.-diameter accumulator injection line (one-

of-four) in a commercial, four-loop pressurized Appendixes A and B of this report.
-'

water reactor (PWR).
The data presented arefrom 605 and 600 of the

Experiment L8-2 was performed on October 12, 624 inurumems that proMed data durkg Expes

1981, and was the second experiment in LOFT ments L5-1 and L8-2, respectively. Only the data

Severe Core Transient Experiment Series L8. It c nsidered pertinent to the understanding of this

investigated the effect of primary coolant pump experiment are presented in this report. The data

restart on core cooling when the primary coolant are n an uninterpreted but rea@ usaW fom M

h system (PCS) is highly soided of liquid. "S# Y "S# # ' #U* *" k '" " ""##

detailed analysis and interpretation. The data, m

The LOFT facility is a 50-MW(t) PWR with the form of graphs in engineering units, hase been*

instrumentation to measure and provide data on analyze nly to me extent necenary to enwe
the thermal-hydraulic conditions throughout the that they are reasonable and consistent,

system. Operation of the LOFT system is typical
of large [ ~ 3500 MW(t)] commercial PWR opua- Sections IJ, L2, and L3 nate, respectively, t, en

tions. The LOFT facility consists of: Expedmental Program obecu m , ttw
Experiment Series L5 and Experiment L5-1 obj.ec-

1. A reactor vessel with a nuclear core tives, and the Experiment Series L8 and Experi-

(Core 1) ment L8-2 objectives. Section 2 summarizes the
, experimental procedures and initial conditions.

2. An intact loop with an active steam Sections 3,4, and 5 present the data for Experi-
,

generator, pressurizer, and two ment L5-1, comparison of the two experiments,
primary coolant pumps connected in and Experiment L8-2, respectively, with suppor-
parallel ting information for data interpretation. Appen-,

3. A broken loop with a simulated pump, dix A describes the I. OFT systern configuration.
^EI#" ''# #* '"" * "#"' " "simulated steam generator, and two
'Y"#* " *# " "E # "*quick-opening blowdown valve

(QOBV) assemblies * * * * * * * " ' ' ' " " #"I""'""" ""'"****,

available for use in Experiments LS-1 and L8-2.
4. A blowdown suppression system con- Appendix C summarires the preexperiment cali-

sisting of a header, suppression tank, brations and the methods used to verify the con-
and a spray system sistency and accuracy of the data.

,

_
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1.1 LOFT Experimental ponents of the plant protective system (PPS)
(llPIS, accumulators, and LPIS) are utilized to(N Prngram Objectives

) bring the plant to a safe shutdown condition m,g

'# ** E' 8'*** I ''' **The LOFT integrala test facility was designed to
. of Experiment L5-1 are to:simulate the major components of a four-loop,

commercial PWR, thereby producing data on the
1. Determine the effectiveness of degradedthermal, hydrauhe, nuclear, and structural proc-

ECCSs in an intermediate-size breakesses expected to occur during a LOCA in a PWR.g LOCA, w here 11PIS is insufficient to main-
Reference 2 describes the LOFT facihty in detail.
The specific objectises of the LOFT Experimental g,' * bo" E " " " pre sur

e a lao,, p
gram are tm

injection setpoint.

1. Proside data required to evaluate the ade--
.

2. Determine and understand the core coolingquacy of and to improve the analpical
and system hydraulic behavior for anmethods currently used to predict the
intermedia! -size break which may include

response of large PWRs to postulated acci-
characteristics from both small breaks anddent conditions, the performance of engi-

neered safety features (ESF) with particular rge heaks as weq as charactenstics
,

,

~ u que to heah of bis size
emphasis on emergency core coolant sys-
tems (ECCS), and the quantitative margins

, 3. Esaluate the capability of RELAP5 to
o fety mherent m the performance of the

predict pumps-off behavior in an
interme% ate-size break. Adequate predic-
tion of this behavior would aleviate the

2. Identify and insestigate any unexpected
; gg

event (s) or threshold (s) in the response of
; g; ,;

either the plant or the ESF and develop
analytical techniques that adequately

4. Evaluate the adequacy of two-phase liquid
} describe and account for the unexpected, ;g ; g

,/ behavior (s) and core regions for this type of transient.

3. Evaluate and deselop methods to prepare,
5. Prose that LOFT results are applicable by

operate, and recover systems and plant for scaling (with RELAPS) to a large plant for
and from reactor accident conditions an intermediate-size break.

4. Identify and investigate methods by which The specific obj.ectises of Experiment LS-1,
reactor safety can be enhanced, with - those which do not require extensive analysis to
emphasis on the interaction of the operator

** *#" I #8'" '* * "* "'' *
with the plant.

i. btain sufficient data to characterin the1.2 Experiment Series L5 and prevalent phenomena caused by an ECCS
-Expen. ment L5-1 injection line rupture
Objectives

2. Generate applicable data for use as an
The LOFT Intermediate Break Experiment baseline in the future planning of the

Series L5 was designed to identify and evaluate the intermediate-size break I OCEs
LOFT system thermal-hydraulic response during
an intermediate-size break LOCE. All three com- 3. Provide data for the evaluation of the tran-

*' sient identification algorithms contained in
the operation diagnostic and display system

a. The term " integral"is used to dewribe an experiment com- (ODDS)
bining the nuclear, thermal, hydraube, and structural processes
occurring during a loss-of-coolant accident tLOCAs as g g
distmgurshed from separate effects, nonnuclear, small-scale.q

) and thermal-hydraubc experiments conduced for loss-of. niques used to model the principal '
/ coolant analysis. phenomena of an intermediate-size break.g

w/

3

:
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1.3 Experiment Series L8 and 4. Identiry code capabilities in predicting core
thermal response under degraded coreExperiment L8-2 cooling conditions.

Obj.ect.ives
The specific objectives of Esperiment L8-2,

The objective of LOFT Sesere Core Transient such as those which do not require estensive
Experiment Series L8 is to insenigate transients analysis to assess the degree of completion, are to:
resulting in core uncosery, and ultimately fuel
damage, while maintaining the core geometry. 1. Acquire sufficient data to characterire the ,

Parameters to be investigated include time to core presalent phenomena caused by an ECCS
uncovery, cladding balloo. ting and rupture, and injection line rupture, partial ECC failure,
core flow blockage. and primary coolant pump restart in high

soid conditions
~

The principal objectises of Esperiment L8-2 are
to identify and esaiuate system 'hermal. hydraulic 2. Acquire applicable data for use as a
response during an intermediate-size break LOCE baseline in the future planning of degraded
and subsequent primary coolant pump restart. core cooling experiments
The progtammatic objectises of Experiment LS-2
are to: 3. Proside data for the evaluation of the tran-

sient identification methods contained in
1. Determine and assess the core cooling and the ODDS

system hydraulic behasior for a transient
resulting from an intermediate-size break 4. Acquire data required to assess the

analytical techniques used to predict system

2. Determine primary coolant pump restart response to degraded core cooling
effectiseness on core cooling in high void experiments

conditions
5. Provide data to assess the repeatability of

3. Prose that LOFT results are applicable by results between Experiments L5-1 and L8-2
scaling (with RELAPS) to a large plant for (L8-2 is a repeat of L5-1 up to the time of
an intermediate-size break accumulator flow initiation).

o

b

O
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2. EXPERIMENTAL PROCEDURES ANO INITIAL CONDITIONS
,,
( /V This section summariz.:s the experimental pro- DAVDS was activated and started recording data

cedures and ir.itial coaditions specified s.nd ~7 min prior to each experiment. The experi-
established in the LOFT plant for Experiments mental procedure and sequence of events for each
L5-1 and LS-2. cxperiment are suramarized in the following

subsections.

2.1 Experimental Procedures*

2.1.1 Expen. ment LS-1. Initial reactor criticah.-
ty occurred approximately 44 h prior to Experi-

Experiments L5-1 and LS-2 were initiated from ment LS-1 initiation. The pour level reached
conditions similar to normal operating conditions 46 I MW at 36 h prior to the experiment, ando
in a commercial PWR. Prior to initiating each was maintained at that lesel until experiment
experiment, data acquisition and visual display initiation. A plot of the power level versus time for
system (DAVDS) calibration and data integrity the 50-h period prior to experiment initiation is
checks were performed. During this period, the given in Figure 2-1. During this time, measure-
initial condition water samples were taken from the ments of power level were performed using a
PCS, abe secondary coolant system (SCS), and the secondary calorimetric calculation. The PCS flow
blowdown suppression tank (BST). Just prior to rate was set at 334.6 * 6.3 kg/s, and adjustment
each experiment initiation, the purificatio'n lines of the SCS was made to maintain the power level.
were closed, and continuous steam generator blow- The PCS boron concentration was adjusted to
down flow was stopped. BST recirculation flow establish the specified reactor vessel cold leg
was not available for Experiment L5-1, but full temperature of $52.0 1.1 K, and a hot leg
flow was established for Experiment L8-2. The pressure of 14.87 * 0.10 MPa was maintained.

A)(
\ )v
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Figure 2-1. LOIT power history prior to Experiment LS-l initiation ifull power = 50 MW(t)].
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Experiment L5-1 was initiated by opening the tion. A plot of the power level versus time for the
cold leg QOBV. A flow limiting nozzle (1.73 40-h period prior to experiment initiation is gisen

2E-3 m ) provided a break mass flow scaled to a in Figure 2-3. During this time, measurements of
ruptured 14-in. accumulator line in a commercini power level were performed using a secondary
PWR. The reactor scrammed on low hot leg pres. calorimetric calculation. The PCS flow rate was
sure (14.19 51Pa) at 0.17 0.01 s. When the four set at 334.6 * 6.3 kg/s, and adjustment of the
" rod-bottom lights" energized, indicating that the SCS was made to maintain the power level. The
control rods were fully inserted, the primary PCS boron concentration was adjusted to estab-
coolant pumps (PCPs) were manually tripped lish the specified reactor vessel inlet temperature =

(4.0 * 0.5 s). The PCPs then coasted down under of 552 0 * 1.1 K, and a hot leg pressure of
the influence of iae flywheel system. Coastdown 14.87 * 0.10 51Pa was maintained.
was completed at 19.3 0.1 s, w hen the fly-
wheels were decoupled from the PCPs. Instru- The procedure for Experiment L8-2 was iden- ,

mentation indicated that PCP loop seals were in a tical to Experiment L5-1 until the time when the
completely voided condition following pump accumulator began injecting water into the PCS in
coastdown. HPIS injection, initiated by a hot leg Experiment L5-1. The accumulator was isolated in
pressure setpoint of 10.6 N!Pa, commenced at Experiment L8-2 so thst coolant injection would
2.88 * 0.1 s, delivering a scaled flow of 0.5 * not occur. The cold leg QOBV was opened to
0.2 L/s into the intact loop cold leg. The main initiate Experimeat L8-2, and the reactor . cram-
feed pumps tripped and the steam generator steam mni at 0.10 * 0.05 s. The PCPs were shut off
control valve commenced to ramp shut on receipt manually at 3.2 * 0.5 s, and completed their
of the reactor scram signal; the steam control coastdown at 19.0 * 0.I s. PCP loop seal
valse was fully shut at 12.1 0.2 s. The reactor instrumentation indicated a completely voided
sessel upper plenum reached saturation and began condition following pump coastdown. The HPIS
to void at 0.2 * 0.1 s, with the broken loop cold began injecting water into the PCS at 3.05 *
leg (BLCL) saturating at 10.5 0.5 s. The 0.1 :, delivering a flow rate of 0.5 * 0.2 IJs in
pressurizer indicated empty by 15.5 0.5 s. A the intact loop cold leg. The steam flow control
thermal excursion began at the top of the active valve of the steam gen era tor was fully shut at
core region at 108.4 * 1.0 s and at a pressure of 12.4 * 0.1 s. The reactor vessel upper plenum
3.6 * 0.1 htPa and continued to move into the reached saturation at 0.2 * 0.1 s, followed by the
core urtil 184.0 * 1.0 s. At this time, the PCS BLCL which saturated at 10.4 * 0.2 s. The
pressure had decreased sufficiently (1.66 * pressurizer indicated empty at 15.5 * 0.5 s. The
0.06 N1Pa) to allow the degraded (scaled to three fuel cladding thermocouple temperature excursion
out of four available) accumulator injection sys- began at 112.0 * 0.5 s, and progressed to the
tem to commence core reflood. A maximum fuel lowest thermocouple elevation by 240.0 * 2.0 s,
cladding temperature of 715.0 * 3 K was reached when the core region was devoid of liquid. The
at 198.0 * 2.0 s. The core reflood was assisted by PCPs were restarted when the highest monitored
the scaled LPIS which began injecting ECC water fuel cladding thermocouples reached the 811-K
to the intact loop cold leg w hen the PCS pressure setpoint at 234.5 * 0.5 s. The highest monitored
had decreased to 1.08 * 0.06 N1Pa at 201.0 * fuel cladding thermocouples reached 950 * 3 K
0.5 s. Core reflood was complete and the experi- at 286.0 * 0.5 s, w hereupon the operators tripped
ment was terminated at 214.0 * 1.0 s, when all the PCP power (291.0 * 1.0 s) and initiated
fuel cladding temperatures indicated at or below Accumulator A injection (294.0 * 1.0 s). Clad-
the saturation temperature. ding temperatures continued to rise, and at 299.2 ,

* 2.0 s reached 978 K, whereupon both HPIS B
The combined sequence of events for Experi- and Accumulator B injection systems were

ments L5-1 and L8-2 is provided in Table 2-1. initiated by automatic PPS function. The core was
Figure 2-2 shows the decay heat during Experi- reflooded by 306.4 0.5 s.

1ment L5-1 which was calculated using the

American Nuclear Society Standard 5.1.3 Figure 2-4 shows the decay heat during Experi-
ment L8-2 which was calculated using the

2.1.2 Experiment L8-2. Initial reactor criti. American Nuclear Society Standard 5.1.3
cality occurred approximately 35 h prior to experi-
ment initiation. The power level reached 46 * The BST pressure was not controlled because
i N1W at 25 h prior to the experiment, and was the back pressure was not expected to affect the
maintained at that lesel until experiment initia- blowdown. BST recirculation through the spray

6
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TABLE 2-1. SEQUENCE OF EVENTS FOR EXPERIMENTS L5-1 AND L8-2
--

/ Time after
s_-

Experiment Initiation
(s)

Experiment Experiment
Event L5-1 L8-2"

Cold leg QOBV openeda 0.0 0.0

Reactor scrammed 0.17 0.01 0.10 t 0.05.

Main feed pump tripped and steam control 0.17 t 0.02 0.10 0.05
valve started to close

Upper plenum reached saturation 0.2 t 0.1 0.2 i 0.1

HPIS trip point reached (10.6 MPa) 0.4 0.1 0.4 ! 0.1

HPIS injection flow initiated 2.88 t 0.1 3.05 t 0.1

Primary coolant pump power tripped 4.0 1 0.5 3.2 t 0.5

Broken loop cold leg reached saturation 10.5 t 0.5 10.4 0.2

('' \
Steam generator steam control valve closed 12.1 t 0.1 12.4 t 0.1

N |
Pressurizer indicated empty 15.5 0.5 15.5 0.5'

Primary coolant pump coastdown completed 19.3 t 0.1 19.0 t 0.1

(flywheel decoupled from pump)

Primary pressure dropped below secondary 53.0 1.0 47.0 1.0

Fuel cladding thermal excursion started 108.4 t 1.0 112.0 t 0.5

bLowest in-core thermal excursion level 184.0 1 4.0 240.0 t 2.0

reached

Accumulator A injection started 185.8 0.5 294.0 t 1.0

Maximum fuel cladding temperature reached 198.0 2.0 299.1 ! 0.5-

(715 K for Experiment LS-1, 987 K for
Experiment L8-2)

LPIS flow initiated 201.0 0.5 303.0 ! 5.0y

PCPs restarted (fuel cladding temperature N/Ac 234.5 0.5
at 811 K)

Mar.imum cladding temperature criteria met N/A 286.0 0.5x

) (950 K)
,\s '

7
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TABLE 2-1. (continued)
-

Time a f ter
Experiment Initiation

(s)

Experiment Experiment .

Event L5-1 LB-2

PCPs tripped N/Ac 291.0 t 1.0

'
Plant protection system signal initiated N/A 299.2 t 2.0
(fuel cladding temperature at 978 K)

Fuel cladding quench started (bottom of core) N/A 299.5 t 0.5

HPIS B injection started N/A 301.7 0.5

Accumulator B injection started N/A 303.0 t 1.0

Fuel cladding quench completed at core peak 202.0 1.0 305.0 t C.5
power elevation

Core reflood completed 214.0 ! 1.0 306.4 t 0.5

a. Experiment initiation is defined to be the time when the broken loop cold
leg pressure began to increase.

b. Designates complete core uncueery in Experiment L8-2.

c. N/A--not applicable for this experiment.

headers took place during Experiment L8-2 at full ately prios to experiment initiation. Tables 2-3
spray pump capacity throughout the transient to and 24 gise the linear heat generation rate sersus
ensure that homogeneous temperatures would be core height for three locations within the LOFT
maintained throughout the water volume in the core prior to Experiments L5-1 and L8-2 initia-
BST. tions. The data for Tables 2-3 and 24 were

obtained from the traversing in-core probe ~

The DAVDS recorded approximately 20 min of system.

data. An electrical calibration of the DAVDS was
performed following each experiment. Table 2-5 gives the measured fluid temperatures

of the PCS immediately prior to Experiments LS-1 s

2.2 initial Conditions and L8-2.

Tables 2-6 and 2-7 specify the required water
The specified initial plant operating conditions chemistry for the PCS, BST, and SCS, and

(except for the linear heat generation rate) for present the results of the water chemistry analyses
Experiments L5-1 and L8-2 are presented in for preexperiment conditions in these systems for
Table 2-2 along with the salues measured immedi- Experiments L5-1 and L8-2.

8
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TABLE 2-2. INITIAL CONDIT; ..S FOR EXPERIMENTS L5-1 AND L8-2

_ _ _

.

Experiment LS-1 Experiment L8-2
Parameter Specified Value Measured Value Measured Value

Primary Coolant System

Mass flow (kg/s) 334.6 t 6.3 308.2 t 4.0 311.2 t 4.0

Hot leg pressure (MPa)a 14.87 t 0.10 14.93 t 0.08 14.86 t 0.06

Cold leg temperature (K) 552 t 1 552.3 t 0.9 552.4 t 0.9
,

i Hot leg temperature (K) -- 579.1 t 0.9 579.3 t 0.8

Boron concentration (ppm) As required to maintain temperature 669.0 t 10 671.0 t 10.0

Vessel AT (K) 28.9 t 1.7 26.8 t 1.38 26.9 ! 1.2

Reactor Vessel

; Power level (MW) 47 1 45.9 1.2 46.0 1.2 ,

46.0 t 3.5 45.8 t 3.5i Maximum linear heat generation --

rate (kW/m)--
;

i Control rod position (above 1.42 0.01 1.43 t 0.01 1.43 0.01

i full-in position) (m)

Pressurizer

3Steam volume (m -- 0.33 e 0.02 0.32 t 0.02 ,

0.60 t 0.02 0.61 0.02Liquid volume (m ) --
;

615.0 t 0.4 614.6 t 0.4| Liquid temperature (K) --

Liquid level (m)a 1.12 0.05 1.13 t 0.03 1.15 t 0.03

Broken Loop

Cold leg temperature near reactor -- 549.2 ! 2.6 550.6 1.8

j vessel (K)
4 Hot leg temperature near reactor -- 554.3 t 2.6 554.7 ! 2.6

vessel (K)
!

'
._ _ -. _ _ . _ _ _ , _ ,
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TABLE 2-2. (continued)

Experiment LS-1 Experiment L8-2
Parameter Specified Value Measured Value Measured Value

,

Steam Cencrator Secondary Side

Liquid level (m)b 0.254 ! 0.05 0.2 7 t 0.02 0.21 ! 0.02
Liquid temperature (K) -- 537.8 t 0.8 537.9 t 0.8
Pressure (MPa) -- 5.05 ! 0.06 5.08 i 0.06 ;

Mass flow (kg/s) -- 25.3 ! 0.6 25.2 t 0.6

Blowdown Suppression Tank

Liquid level (m) 1.27 t 0.05 1.48 t 0.02" 1.40 0.02*
Liquid temperature (K) -- 360.6 ! 0.8 356.3 t 1.0_

Accumulator A

dLiquid level (m)c 1.44 ! 0.03 1.54 0.01 2,06 0.01
Pressure (MPa) 1.6 1 0.3d 1.66 t 0.05 4.50 0.05
Liquid temperature (K) 305.4 2.8d 308.2 t 2.5 305.5 2.5

a. Out of specification, but did not impair results.

I
b. The liquid level is defined as 0.0 at 2.95 m above the top of the tube sheet. '

Liquid level is measured f rom 0.32 m above the bottom of the accumulator vessel,'
c.

d. Not specified for Experiment L8-2.

|

a
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TABLE 2-3. LINEAR HEAT CENERATION RATE PRIOR TO EXPERIMENT LS-1
(Reading Uncertainty 17.6%)

Linear Heat Generation Rate for.

Core Position i

Height Above (kW/m) {
Core Bottom ;

(m) IC7 SH8 SM3
'

.
< '

O.152 11.34 18.53 18.54
0.292 22.94 36.34 36.81 -

0.394 25.32 40.11 40.63 r

0.456 23.92 37.89 38.38 '

O.503 25.29 40.07 40.58
0.546 28.54 43.26 43.77
0.648 28.66 43.45 43.96 -

0.749 27.82 42.17 42.67

0.846 24.71 37.45 37.89
0.886 22.78 34.5i 3 4. 9 '+
0.953 24.05 36.46 36.89
1.054 21.68 33.39 33.24

.

1.181 18.95 27.09 27.59
1.257 15.27 21.83 22.23

,

1.299 12.32 18.67 18.89
1.359 11.85 16.95 17.26

1.511 5.42 9.04 8.49 '

1.613 2.82 5.10 4.78 r

1.664 2.15 4.58 4.10 f

!

,

i'

I

!

|
d- g

I

!

ar !
'

I
;

L

,

13 i
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9
TABLE 2-4 LINEAR HEAT CENERATION RATE PRIOR TO EXPERIMENT L8-2

(Reading Uncertainty t7.6%)

|

|
'Linear Heat Generation Rate for

| Core Position

Height Above (kW/m)i

' Core Bottom,

(m) IC7 SH8 SM3 -
'

,

'
I

| 0.152 10.77 18.32 18.31 1

0.292 22.62 35.84 36.30 i
0.394 25.14 39.83 40.34
0.456 23.70 37.54 38.02

,

0.503 25.18 39.88 40.39
0.546 27.01 42.78 43.34
0.648 28.49 43.18 43.69
0.749 27.77 42.09 42.58

:

0.846 24.82 37.62 38.07
0.886 23.02 34.90 35.31

j 0.953 24.06 36.46 36.89 t

1.054 21.93 33.24 33.63 ,

i

j 1.181 19.32 27.63 28.14
1 1.257 15.50 22.16 22.57 !

1.299 12.61 19.11 19.34
1.359 11.51 17.45 17.65 |

,

'

1.511 5.50 9.17 8.62
1.613 2.89 5.23 4.91
1.664 2.24 4.56 4.29,

|

|

,

I
I

.

G; -

:
,

1

-- - , . . - . . . - . . . . . _ ,. - -. -_ _
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TABLE 2-5. PRIMARY COOLANT TEMPERATURES AT EXPERIMENT INITIATION
a

Temperature
(K)

Experiment Experiment~

Location Detector LS-1 L8-2

Intact loop hot leg (near vessel) TE-PC-002B 579.0 3.1 579.1 t 3.1

Intact loop steam generator outlet TE-SG-002 552.0 2.7 553.0 t 2.7

Intact loop cold leg (near vessel) TE-PC-005 551.4 t 3.1 552.1 3.1

Reactor vessel downcomer:
Instrument Stalk 1 TE-IST-001 550.3 t 2.7 550.9 ! 2.7

Instrument Stalk 2 TE-2ST-001 552.4 2.7 553.3 2.7

Reactor vessel lower plenum TE-lLP-001 552.0 2.7 551.9 ! 2.7

[ j Reactor vessel upper plenum TE-lUP-001 588.5 2.9 588.0 ! 2.9
\ _s' TE-4UP-001 572.0 2.8 573.0 ! 2.8

TE-5UP-001 593.8 2.9 594.0 1 2.9

Broken loop hot leg (near vessel) TE-BL-002B 554.3 ! 2.6 555.0 t 2.6

Broken loop cold leg (near vessel) TE-BL-001B 549.2 t 2.6 550.4 ! 2.6

Intact loop pressurizer PE-PC-004 615.7 1 0.1 614.8 1 0.1

(from saturation pressure) (15.0 MPa) (15.0 MPa)

-

/, ~x 1

|

15
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TABLE 2-6. WATER CllEMISTRY RESULTS FOR EXPERIMENT L5-1

Primary Coolant System Blowdown Suppression Tank Secondary Coolant System

*Parameter Specified Preexperiment Specified Preexperiment Pos t e x pe riment Specified Preexperiment

pH (each at 208 K) 4. 2 t o 10. 5 5.78 4.2 to 10.5 4.66 4.82 9.0 to 10.2 10.0

Conductivity (umho/cm3) 60 2.48 60 10.18 6.91 2b 3,2
(each at 298 K) maximum maximum maximum

3Total gas sem /kg) 100 35.0 -- -- -- -- --

maximum

Dissolved oxygen (ppm) -- -- -- -- -- 0.005 0.0046

Chloride (ppm) 0.15 <0.1 0.15 <0.1 <0.1 0.15 <0.1
maximum maxin a maximum

Undissolved solids (ppm) 1.0 <0.5 1.0 <0.5 <0.8 1.0 1.7
maximum maximum maximum

5 Boron (ppm) -- 669 >3050 3834 3108 -- --

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

maximum maximum

3Hydrogen (cm /kg)C 10 to 60 16.0 -- -- -- -- --

Total gross activity (uci/mL) 375 0.07 -- -- 2.3 x 10-3 -- --

maximum

Cross beta and gamma (uCi/mt) -- 1.6 x 10-2 -- -- 2.3 x 10-3 -- --

1311 (uci/mt) 0.37 0.0 -- -- 0.0 9 x 10-4 0.0
maximum maximum

1351 (uci/mt) 0.76 0.0 -- -- 0.0 -- 0.0
maxiraum maximum

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

b. Cation conductivity.

c. Prior to depressurization.

k o e e

_
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TABLE 2-7. WATER CllEMISTRY RESULTS FOR EXPERIMENT L8-2

e

i

Primary Coolant System Blowdown Suppression Tank Secondary Coolant System i

i Parameter Specified Preexperiment' Specified Preexperiment Postexperiment Specified Preexperiment
'

pH (each at 298 K) 4.2 to 10.5 5.85 4.2 t o 10. 5 4.99 5.10 9.0 to 10.2 10.03 [
!

Conductivity (umho/cm3) 60 2.52 60 12.61 10.04 2 g,9 |
b

1 (each at 298 K) maximum maximum maximum

3Total gas (cm /kg) 100 59.0 -- -- -- -- -- "

maximua .

|
Dissolved oxygen (ppm) -- -- -- -- -- 0.005 0.0 :

maximum |
,

4

Chloride (ppm) * 0.15 <0.1 0.15 <0.I <0.1 0.15 <0.1 !
maximum maximum maximum j

!

Undissolved solids (ppm) 1.0 <0.5 1.0 <0.5 -- 1.0 0.7
I maximum neximum maximum

,

!

-J r
i

Boron (ppm) -- 671 >3050 3888 3230 -- -- |

!

Fluoride (ppm) 0.1 <0.02 0.1 <0.02 <0.02 -- -- |

maximum maximum
; ;

I

3Hydrogen (em /kg)C 10 cc 60 12.0 -- -- -- -- -- '

Total gross activity (uCt /mt) 375 5.2 x 10-2 -- -- 1.6 x 10-2 __ __

maximum
,

t

Cross b?ta and gamma (uci/mL) -- 1.6 x 10-2 -- -- 1.6 x 10-2 -- -- (

1311 (pCi/mL) 0.37 0.0 -- -- 0.0 9 x 10'' O.0
maximum mantmum |

I
'

1351 (uCi/mL) 0.76 0.0 -- -- 0.0 -- 0.0

maximue L

i

|

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

b. Cation conductivity.

c. Prior e depressurization.

i
i

i
_ _ _ _ _ .__.
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3. DATA PRESENTATION FOR EXPERIMENT L5-1
m

The data presented in this report are selected, RG are calculated at the 95% confidence level.
uninterpreted, thermal-hydraulic and nuclear data Uncertainty values are presented in Table B-2 of
from LOIT Experiments L51 and L8-2. This Appendix B and on each plot.
section presents the data from Experiment L51. Uncertainty bands on selected measurements
Section 4 presents comparison data from Experi- are presented for case in code comparison. The
ments LS-1 and L8-2. Section 5 presents data uncertainties are fixed values calculated at the, ,

from Experiment L8-2. The data presentation is upper range of the recorded data so as to be con-
described m the followmg paragraphs. servatise. On certain plots, the uncertainty band

below zero.Th. % cal Undt, such as a &ndty* Y * * '" "p
The selected data have been divided into two is is a result of the plottmg software

categories, " Qualified" and " Failed." The"
and does not represent a real phenomenon.

" Qualified" designation was applied to measure-
ments that hase been found to be within the uncer- The design ranges of the instruments are also
tainty of the ir.strument. All the data presented in presented on each plot. In some cases, the instru-
this report are " Qualified." The plot captions ment range exceeds its design range. Computed
contain applicable restrictive statements if the variables are calculated from several measure-
data are invalid or questionable over a portion of ments and thus do not hase design ranges.

the recorded time span. All " Qualified" data, Table 3-1 lists the selected measurements pre-
including " Qualified data that are not presented, sented in this report for Experiment L5-1 and gives
are available from the Nuclear Regulatory Com- the detector location and the figure numbers. In
mission Reactor Safety Research data bank. The addition, this table contains a " Comments" col-
checks on data consistency and ,nstrument per- M ives information pertaining to the quali-i
I '*ance are discussed m detail m, Appendix C.

fication of the data. A list of instruments available
Any . formation concerning calibration data may for Experiments L5-1 and L8-2 is included in

,

m
be received by contacting the LOFT Data Analysis Table B-2 of Appendix B.
Branch Manager.

Table 3-2 lists the variables presented in this
The data were processed and are presented in report that were computed for Experiments L5-1

graphical form in Si and British units. Most of the and L8-2 from other measurements and geome-
data were collected at a rate of 50 samples per trical constants. This table also gives the equations

second. Short-term plots contain approximately used to compute these variables, the figure
1250 points. Plots of longer time frames were number, and comments which reflect on the
reduced to approximately 2000 points for case of usefulness of the data,

plotting. This was accomplished by dividing the ggg g;g
time span into approximately 1000 constant incre- into four categories with the individual plots in

,

ments and piotting only the minimum and max- M k
imum values m, each merement. The resultmg plot

, Mi W M6 d
looks identical to a plot produced by plottmg desired variables. These data categories include:.

every point because of the finite resolution of the
plotting device. 1. Experiment LS 1 Measured Variables,

Short-Term Plots (-5 to 20 s), Figures 3S-1 -

Uncertainties for experimental measurements through 3S-27-

and computed variables are of the form

*/(B)2 + (M x RD/100)2 where B is the bias 2. Experiment L5-1 Measured Variables,
(offset) uncertainty, RD is the percentage-of- Long-Term Plots (-25 to 225 s),
reading uncertainty, and M is the measurement Figures 3L-1 through 3L-56a
reading at a particular time. The uncertainties sup-
plied on the plots were calculated for M equal to 3. Experiment LS-1 Computed Variables,
the maximum data value to ensure that the uncer- Figures 3C-1 through 3C-19
tainties are conservative. Uncertainties for process
instruments are of the form * RG/100, where RG 4. Experiment LS-1 Variables with Uncertaintyp
is a percentage-of-range uncertainty. B, RD, and Bands, Figures 30-1 through 3U-6.

19
+
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TABLE 3-1. MEASURED VARIABLES PRESENTED FOR EXPERIMENT LS-1

Variable,
System, and Figure
Detector Location Number Comments

VALVE OPENING

Secondary
Coolant System

CV-P004-010 Main steam cont rol valve. 3S-1 Qualified.
.

CHORDAL DENSITY

Broken Loop

DE-BL-001A Cold leg at drag disc- 3S-2 Qualified.
turbine transducer (DTT) 3L-1
flange. Beam A is 14*,
21 min from Beam B
[ clockwise (CW) looking
toward reactor vessel

(RV)].

DE-BL-001B Cold leg at DTT flange. 3S-3 Qualified.
Beam B is through center- 3L-2
line of pipe 45* from

vertical (counterclock-
wise (CCW) looking toward

RV].

DE-BL-001C Cold leg at DTT flange. 3S-4 Qualified, some
Beam C is 22*, 7 min from 3L-3 large data pro-
Beam B (CCW looking toward cessing spikes.

RV).

DE-BL-002B Hot leg at DTT flange. 3L-4 Qualified.
Beam B is through center-
line of pipe 45' from
vertical (CW looking
toward RV).

*
DE-BL-002C Hot leg at DTT flange. 3L-5 Qualitied.

Beam C is 22*, 7 min from
Beam B (rW looking toward
RV).

a
Intact Loop

DE-PC-001A Cold leg at DTT flange. 3S-5 Qualified.
Beam A is 14*, 21 min from 3L-6
Beam B (CW looking away
from RV).

20
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TABLE 3-1. (continued)

Variable,
System, and Figure
Detector Location Number Comments

CHORDAL DENSITY
* (continued)

Intact Loop
(continued)

.

DE-PC-001B Ccid leg at DTT flange. 3S-6 Qualified.
Beam B is through center- 3L-7
line of pipe 45' from
vertical (CCW looking
away from RV).

DE-PC-001C Cold leg at DTT flange. 3S-7 Qualified.
Beam C is 22', 7 min from 3L-8
Beam B (CCW looking away
from RV).

DE-PC-002B Hot leg at DTT flange. 3S-8 Qualified.
Beam B is through center- 3L-9
line of pipe 45* from

9 vertical (CCW looking
away from RV).

DE-PC-002C Hot leg at DTT flange. 3S-9 Qualified.
Beam C is 22*, 7 min from 3L-10
Beam B (CCW looking away
from RV).

DE-PC-003B Below steam generator (SG) 3S-10 Qualified.
at DTT flange. Beam B is 3L-11
through centerline of pipe.

FLUID VELOCITY

Intact Loop

^ FE-PC-001B Cold leg horizontal DTT 3L-12 Qualified.
flange at center of pipe.

FE-PC-002A Hot leg DTT flange at 3L-13 Qualified.
JD bottom of pipe.

FE-PC-002B Hot leg DTT flange at 3L-13 Qualified.
middle of pipe.

FE-PC-002C Hot leg DTT flange at top 3L-13 Qualified.O of pipe.

21
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.

TABLE 3-1. (continued)

Variable,
System, and Figure
Detector Ixcation Number Comments

FLOW RATE
W

Secondary
Coolant System

FT-P004-012 Inlet to air-cooled 3S-11 Qualified, initial .

condenser inlet header. conditions only.

FT-P004-72-2 Flow out of main feedwater 3S-12 Qualified.
pump.

Emergency Core
Cooling System

FT-P120-085 Low pressure injection 3L-14 Qualified, no other

system (LPIS) Pump A in measurement for
4 -i n . line between heat direct compatison.

exchanger and orifice.

FT-P128-104 High pressure injection 3S-13 Qualified.
system (HPIS) Pump A 3L-15 ,

discharge. 3U-3

Intact Loop

FT-P139-27-2 Hot leg venturi flowmeter 3S-14 Qualified, p.'itial

(bottom of pipe), conditions only.

LIQUID LEVEL

Energency Core
Cooling System

LE-ECC-01A Accumulator A. 3L-16 Qualified.

LIT-P120-087 Accumulator A. 3L-17 Qualified.
.

Slowdown Sup-
pression Tank

LT-P138-033 Blowdown suppression tank 3L-18 Qualified, not ,

(BST) level on north end density
o f tank, compensated.

LT-P138-058 BST level on south end of 3L-18 Qualified, not

tank. density
compensated.

422 9
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TABLE 3-1. (continued)

! :
'

' Variable,s-

System, and Figure
Detector Location Number Comments

MOMENTUM FLUX
,

Broken Loop

ME-BL-001A Cold leg DTT flange at 3L-19 Qualified,
bottom of pipe, highs

range.

ME-BL-001B Cold leg DTT flange at 3L-20 Qualified,

middle of pipe, high 3U-4
range.

ME-BL-001C Cold leg DTT flange at top 3L-21 Qualified.
of pipe, high range.

ME-BL-001E Cold leg DTT flange at 3L-22 Qualified, narrow
middle of pipe, low range. range instrument.

ME-B L-001 F Cold leg DTT flange at top 3L-23 Qualified, narrow
of pipe, low range. range instrument.

,
.

) Intact Loop
v

ME-PC-001A Cold leg horizontal DTT 3L-24 Qualified,

flange on far side of pipe
as viewed from rake flange.

ME-PC-002A Hot leg DTT flange at 3L-25 Qualified.
bottom of pipe.

ME-PC-002B Hot leg DTT flange at 3L-26 Qualified.
middle of pipe.

ME-PC-002C Hot leg DTT flange at top 3L-27 Qualified.
of pipe.

- DIFFERENTIAL
PRESSURE

Broken Loop

B
PdE-BL-015 Cold leg upstream of 3S-15 Qualified.

nozzle throat.

PdE-BL-016 Cold leg upstream of 3S-15 qualified.

nozzle midplane,-

s

N /
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TABLE 3-1. (continued)

Variable,
System, and Figure
Detector Location Number Comments

DIFFERENTIAL
PRESSURE .

(continued)

Broken Loop
(continued)

.

PdE-BL-017 Cold leg upstream of 3S-15 Qualified,
nozzle exit.

PdE-BL-018 Cold leg across nozzle 3S-15 Qualified.
spoolpiece. 3L-28

Intact Loop

PdE-PC-001 Cold leg across primary 3S-16 Qualified.
coolant pumps (PCPs). 3L-29

PdE-PC-002 Across SC. 3S-17 Qualified.

PdE-PC-008 Across pressurizer surge 3L-30 Qualified, narrow
line. range instrument,

magnitude
uncertain.

Reactor Vessel

PdE-RV-005 Top of RV to intact loop 3L-31 Qualified, no other
hot leg. measurement for

direct comparison.

Intact Loop

PdT-P139-030 Across RV just beyond 3L-32 Qualified, initial
intact loop inlet and conditions only.
outlet nozzles.

.

PRESSURE

Broken Loop

P E-B L-001 Cold leg at DTT flange. 3L-33 Qualified.

PE-BL-009 Cold leg upstream of 3L-34 Qualified.
nozzle.

O
24
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TABLE 3-1. (continued)

V Variable,
System, and Figure
Detector Location

___
Number Comments

PRESSURE
* (continued)

Intact Loop

PE-PC-001 Cold leg at DTT flange. 3L-35 Qualified..

PE-PC-006 Reference pressure between 3S-18 Qualified.
SG outlet and PCP inlet. 3L-36

30-5

Secondary
Coolant System

PE-SGS-001 SG dome pressure. 3L-37 Qualified.

Reactor Vessel

P E-lUP-001 A Above Fuel Assembly I upper 3L-38 Qualified.
'

end box.

( Intact Loop
;

PT-P139-05-1 Pressurizer, 1.88 m above 3S-19 Qualified.
! bottom (vapor space). 3L-39

PUMP SPEED
:

Intact Loop

RPE-PC-001 PCP-1. 3L-40 Qualified.

| RPE-PC-002 PCP-2. 3L-41 Qualified.
|

REACTIVITY

|
- Reactor vessel

RE-T-77-1A2 Power range, Channel A 3S-20 Qualified.
level.

.: '
TEMPERATURE

Broken Loop

'"'s' TE-BL-001B Cold leg at DTT flunge 3S-21 Qualified, possible

at middle of pipe. 3L-42 hot wall effects.'

3U-6
i

25
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TABLE 3-1. (continued)

Variable,

System, and Figure
Detector Loca t ion Number Comments

TEMPERATURE
(continued) *

Intact Loop

TE-PC-001B Cold leg DTT f''nge at 3S-22 Qualified, possible
~

middle of r ~ 3L-43 hot wall effects.

.

TE-PC-002., Hot leg DT1 flange at 3S-23 Qualified, possible
middle of pipe. 3L-44 hot wall effects.

Reactor Vessel

TE-1LP-001 Fuel Assembly 1 lower end 3S-24 Qualified.
box.

TE-lUP-001 Fuel Assembly 1 upper end 3S-25 Qualified.
box.

TE-2H13-021 Cladding on Fuel 3L-45 Qualified.
Assembly 2, Row H,
Column 13 at 0.53 m above
bottom of fuel rod.

TE-2H13-049 Cladding on Fuel 3L-45 Qualified.
Assembly 2, Row H,
Column 13 at 1.24 m above
bottom of fuel rod.

TE-2H14-028 Cladding on Fuel 3L-45 Qualified.
Assembly 2, Row H,
Column 14 at 0.71 m above
bottom of fuel rod.

TE-2H14-032 Cladding on Fuel 3L-45 Qualified.
Assembly 2, Row H,
Column 14 at 0.81 m above

,

bottom of fuel rod.

TE-3B10-037 Cladding on Fuel 3L-46 Qualified.
Assembly 3, Row B, ,.

Column 10 at 0.94 m above '

bottom of fuel rod.

TE-3Bil-028 Cladding on Fuel 3L-46 Qualified.
Assembly 3, Row B,
Column 11 at 0.71 m above
bottom of fuel rod.

26
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TABLE 3-1. (continued)
/-

/ r

k _, Variable,
System, and Figure
Detector Location Number Comments

TEMPERATURE

(continued)=

Reactor Vessel
(continued)

.

TE-3B11-032 Cladding on Fuel 3L-46 Qualified.
Assembly 3 Row B,
Column 11 at 0.81 m above
bottom of fuel rod.

TE-3B12-026 Cladding on Fuel 3L-46 Qualified.
Assembly 3, Row B,
Column 12 at 0.66 m above
bottom of fuel rod.

TE-3UP-001 Fuel Assembly 3 upper end 3S-26 Qualified.
box. 3L-47

TE-3UP-008 Liquid level transducer 3L-47 Qualified.

f ''s above Fuel Assembly 3.

w-- TE-3UP-010 Liquid level transducer 3L-47 Qualified,
above Fuel Assembly 3.

TE-3UP-014 Liquid level transducer 3L-47 Qualified.
above Fuel Assembly 3.

TE-4H13-037 Cladding on Fuel 3L-48 Qualified.
Assembly 4, Row H,
Column 13 at 0.94 m above
bottom of fuel rod.

TE-4H14-032 Cladding on Fual 3L-48 Qualified.
Assembly 4, Row H,
Column 14 at 0.81 m above
bottom of fuel rod.

.

TE-41il5-026 Cladding on Fuel 3L-48 Qualified.
Assembly 4, Row H,
Column 15 at 0.66 m above

#' bottom of fuel. rod.

TE-4H15-041 Cladding on Fuel 3L-48 Qualified.
4ssembly 4, Row H,
Column 15 at 1.04 m above

/' N bottom of fuel rod.
|v}
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TABLE 3-1. (continued)

Variable,
System, and Figure
Detector Location

_
Number Comments

TEMPERATURE
(continued) *

Reactor Vessel
(continued)

TE-5G6-011 Cladding on Fuel 3L-49 Qualified.
~

Assembly 5, Row G,
Column 6 at 0.28 m above
bottom of fuel rod.

TE-5G6-030 Cladding on Fuel 3L-49 Qualified.
Assembly 5, Row G,
Column 6 at 0.76 m above
bottom of fuel rod.

TE-5G6-045 Cladding on Fuel 3L-49 Qu:,li fied .
Assembly 5, Row G,
Column 6 at 1.14 m above
bottom of fuel rod.

TE-5C6-062 Cladding on Fuel 3L-49 Oualified.
Assembly 5, Row G,
Column 6 at 1.57 m above
bottom of fuel rod.

TE-5H6-024 Cladding on Feel 3L-50 Qualified.
Assambly 5, Row H,
Column 6 at 0.61 m above
bottom of fuel rod.

TE-5H6-028 Cladding on Fuel 3L-50 Qualified.
Assembly 5, Row H,
Column 6 at 0.71 m above
bottom of fuel rod.

TE-5H6-032 Cladding on Fual 3L-50 Qualified. ,

Assembly 5, Row H,
Column 6 at 0.81 m above
bottom of fuel rod.

'

TE-5H6-037 Cladding on Fuel 3L-50 Qualified. '

Assembly 5, Row H,
Column 6 at 0.94 m above
bottom of fuel rod.

TE-5LP-001 Fuel Assembly 5 lower end 3L-51 Qualified.

28
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TABLE 3-1. (continued)
'

/s

'- ' Variable,
System, and Figure
Detector Location Number Comments

TEMPERATURE
* '

(continued)

Reactor Vessel
(continued)

-

TE-5LP-003 Fuel Assembly 5 lower end 3L-52 Qualified.
box.

TE-5UP-001 Fuel Assembly 5 upper end 3S-27 Qualified,
box. 3L-53

i

TE-5UP-003 Fuel Assembly 5 upper end 3L-54 Qualified.
box.

TE-5UP-005 Fuel Assembly 5 upper end 3L-55 Qualified.
box.

! TE-6G14-011 Cladding on Fuel 3L-56 Qualified.
Assembly 6, Row G,

, _ ,

N Column 14 at 0.28 m above .

,

) bottom of fuel rod.y ,j

TE-6G14-030 Cladding on Fuel 3L-56 Qualified.
Assembly 6, Row G,
Column 14 at 0.76 m above
bottom of fuel rod.

TE-6G14-045 Cladding on Fuel 3L-56 Qualified.
Assembly 6, Row G,

( Column 14 at 1.14 m above
! bottom of fuel rod.

|

| TE-6I14-021 Cladding on Fuel 3L-56 Qualified.
| Assembly 6 Row I,

Column 14 at 0.53 m above
bottom of fuel rod.-

l
L

.'

I

i

|

| 'k /
~/
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TABLE 3-2. COMPUTED VARIABLES FOR EXPERIMENTS L5-1 AND L8-2

Variable, Location,
a nd De t e c t o r Ifn n t s l'ncertainty Calculation Method Figure Comments *

DENSITY. AVERACE -b Except where the density distribution reduces to an average The individual beam densities
directly, the following method is used to determine the were filtered with a 4-Hz
average density: filter prior to being used in

the average calculation.

Broken Loop Cold I.eg 1. A calculated density profile is determined from an
assumed dist ribution which has been '' fit" t o each beam

CE-BL-l A (og) rav a su renee nt . These are optimited as shown below.
DE-BL-1B (oB) DE-BL-105 Mg/m3 10.10 3C-1 Qualified (L5-1).
DE-BL-IC (oC) 2. The least squares curve fits are compared to determine 3C-11 Qualified, irivalid data

the optimum assumed density profile to fit the data. 30-1 between 310 and 360 e
replaced by interpolation

DE-BL-18 (og) 3. The best profile is area averaged to give average SC-1 (L8-2).E-BL-125 Mg/m3 10.20BE-BL-lC (oC) density by SC-10

o * 1/A a( r )d A

where
Intact Loop Cold leg

A = cross-sectional area of the pipe
o DE-PC-IA (og)

DE-PC-15 (og) DE-PC-105 Mg/m3 10.10 p(r) = chordal profile. 3C-2 Qualified.
DE-PC-lC (DC) 3C-12

4. A weighted average based on chord length is used
Intact Loop Mol g when only the B and C beams are available.

DE-PC-2B (oB DE-PC-225 Mg/m3 10.20 o * 0.611 * B + 0.389 * C 3C-3 Qualified (L5-1).
DE-PC-2C (oc). 3C-13 Qualified, invalid data

The assumed profiles are as follows: 30-2 between 310 and 360 s
4C-4 replaced by interpolation

1. For homogeneous flow, the average results SC-2 (La-2).
directly in SC-11

(o + p, +#g C_ *0
3

where

OA* 8Be
and og * density along ganusa densitometer

Beans A, B, and C.

g g e. . . .
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TABLE 3-2. (continued)
|
|

|
|

| Variable. Location.
and Detector tNii t e tincertainty calculation Method Figure Comuments*

| __
,

| DENSITY, AVERACE (continued) 2. For tilted stratified flow.
1

I
. ., -.

* "# ~ l + exp l-4a x - b)]1i

I
i where

a and b = two adjustable parameters'

|
and og = gas and liquid densitiespg

position in maximum density gradienta a

direction.

3. For annular distribution,

. p, for r c R - D
# # * og f or r > R - D

ta where
m

R = pipe radius

et = density of liquid shell

oc = density of vapor core

D = thickness of liquid shell.

and D are two adjustable parametecs and areoc
iteratively adjusted to fit the data. |

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

g pipe center,
i
' 5. For def ault calculation if the above distributions do
|

not represent the data..the density is calculated by
| a beau length weighted average of the chordal average

density readings sit

a = 0.34485 pA + 0. W 34 sg.

+ 0.254sl oc- |_

|
I
i

,

}
,

'

i l
1

_____- - - _ _ _ _ _ - --_ ___ -__ - _ _ _ _ ________ _ _ _
_;
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TABLE 3-2. (continued) |

I:

Vari able Location, I

and Detector Units l'nce r t ai nt y Calculat ion Method Figure Comments *

LIQUID LEVEL The individual conductivity probes are designed to output

! increasing voltage with increasing fluid void fraction.
Downcomer and Lower Plenum The bubble plot symbols correspond to the following probe

output voltage rangest
-C 3c-17 Qualified.LE-IST-1 cm

LE-IST-2 cm Symbol Voltage Range SC-15

Core I4) 0-2 |
(o) 2-8

LE-3F10 cm ( ) 8-10 3C-18 Qualified.
- -i6

Upper Plenum The levels are measured from the bottom of the reactor
vessel.

LE-3UP-1 cm 3C-19 Qualified.
, Because the plot s cover a long time period, s ho r t -t e rm SC-17

phenomena tend to be obscured.'

I

1.iquid level for the loop seal, blowdown suppression tank,
and reactor vessel was calculated from the pressurei

'

balance for the dP cell using the following equation: iw
N

SP * OR gH - ca 3L - p (H - L)y

where (

'
AP = differ ntial pressure measured (Pa)

Blowdown Suppression Tank og liquid density in the reference leg (kg/mI) |a

2 3c.14 Qualified (L5-1).gravitational acceleration of 9.8 m/sTE-SV-006 g *

TE-SV-Oll LYPdE-SV-161 m 10.05 5c-12 Qualified, anomalous spikes i

liquid height of the refetance leg (m) (leg at approximately 500 a (L8-2). ;PJE-SV-COL H =
to assumed to be full)

TE-SV-006 3C-15 Qualified.
'TE-SV-Oll LEPdE-SV-261 m 10.05 p. liquid density in the pipe or vessel 5C-13=

PdE-SV-002 (kg/ mil

e, a vapor density in the pipe or vessel

liquid level to be calculated (m).L =

i

O O O- - e

,

i
- - - _ - - - - - - - - - - - - - , - - . - - - - - - -- . . - . - . _ _ _ _ . _ _ - _ . - - -
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TABLE 3-2. (continued)

Variable, Location,
and Detector - Units Uncert ainty cateulation Method Figure Commente*

LIQUID LEVEL (continued) Using the liquid temperature from the TE measurement or
the system pressure from the PE, depending on whether the

Pressuriser liquid being measured is subcooled or saturated, respec-
tively, the steam tables were consulted to give the speci-
fic volume of the liquid which, in turn, provided the.p,
value.

3C-6 Qualified data valid to 100 a
m 10.06 Using the system pressure, again the steam tables were con- 4C-2_ (L5-1).

PdT-F139-00$tEPdt-P139-007
PE-PC-004 ) aulted to get the p,value. SC-5' Qualified to 50 s (L8-2).

The differential pressure transducers for the pressuriser i

iliquid-level are calibrated to output the static
|fluid head in the pressuriser. Pressuriser liquid level
l

is obtained, therefore, from the following relationship.

AP = og gL + p, g (H - L)/1000

where*

AP = measured differential pressure (kPa)
w.

= gravitational acceleration of 9.8 m/s2w
a

ot = density of liquid in pressuriser .,

e, = density of vapor in pressuriser

liquiJ height of the reference leg (m) ,11 a

liquid level to be calculatedL =

1000 = conversion from Pa to kPa.

The fluid densities in the pressuriner were obtained from i
the saturated steam tables using the pressure as the input
parameter.

A

'Ph

t

-

I

%

'

-

. . ,
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'TABLE 3-2. (continued)

Variable. Location, l

and Detector l'n i t s l'nce r t a i nt y Calculetinn Method bigure C a ents'
'

DENSITY COMPENSATED The measured liquid level was generated using the steady
LIQU19 LEVEL state assumption that fluid densities are not changing in

time. To convert the indicated level to the actual liquid |

Steam Cenerator level, a density compensation must be made. The AP me a s -
ured by the t ranslucer was calculated f rom the following |

m to.08 Pressure balancet 3C-7 Qualified, magnitude |LT-POO4-008AII.TD-P004-008A
PE-S7S-001 [ 5C-6 uncertain.

g (H - 1)AP = og gH - og, 31 - py,

where [

AP = differential pressure measured (Pa) l,

og = liquid density in the reference les (kg/m3) !

n = gravitational acceleration of 9.8 m/s2

H = liquid height of the reference leg (m) (leg f
is assumed to be full)

U og, - steady state liquid density (kg/m3)

e ,, = ateady state vapor density (kg/m3)

indicated liquid level (e). |1 =

!

The actual liquid I? vel was calculated by rearranging the !
' above equation and subst'.!uting in the AP and liquid and i

vapor densities:

L * (8P + o, gH - og gH)/(syg - ogg) |

i where .

| I

| og a actual liqu d density (kg/ml) ;

o , = actual vapcr density (kg/m3)
|

L = actual liquid level (m).
|

l
.

i |
q

4

{

i

e e e. . . .

.
- - _ _ _ - - _ - - - . .. _ _ _ _ __ _ _ _ _ _ - - , . - - . _ . _ , . - - .
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' TABLE 3-2. (continued) -

|
,

variable. Location. .

and Detector Units tinc e rt a i nt y Calculatio.a Method Figure - ( m nts'-

DENSITY COMPENSATED Actual densities were obtained f rom saturated steam tables
LIQUID LEVEL (coctinued) using a pressure or temperature meaaurement in the steam -

|
generator, j

.

FLUID SUBC00 LING The subcooling is defined as Tsat - T. The saturation .'
temperature was calculated f rom an average pressure reading . !

Upper Plenum from PE-1UP-1A and PE-lUP-lAl using the following curve fits |
of steam table data .|

(TE-5UP-1 j 348.225 + 290.13P . .through 1. For P < l.4 MPa. 7,,g *

TE-5UP-8 'SC-5UP-102 K 26 - 399.543P2 + 298.730P3 3C-8 Qualified.
PE-1UP-1A - 84.196P4 3C-16

'PE-!UP-1A1 '4C-3 |

2. For 1.4 MPa < P e 12 MPa. T,,g = 419.024 + 42.6705P 5C-7

|
- 5.63957,2 -SC-14 -

'

| + 0.433108P3
- 0.0130329P'I |

508.252 + 8.84806P3. For P > 12 MPa. T, g a

2- 0.ll4572P , g
w
vi

The measured temperature is an average of TE-5UP-1
through TE-5UP-6.

MASS FLOW RATE -The subcooled, break mass flow rate was calculated
,

using nossle inlet stagnaticn conditions, the3

Broken Loop Cold Let modified Burnell critical flow model, and an
empirical subcooling correction factor derived ..

PE-BL-009 { pg.BL-CAL kg/s 210.0 from scaled critical flow testing. The 3C-4 Qualified to 10.5 s.
TE-BL-002Bf subcooling correction factor may be stated as: SC-3

Subcooling > 30 K = 1.0

Subcooling e 30 K = 1.523 - !
2 I0.032 * SC + 0.000497 * SC

l
.

where SC * subccoling in degrees kelvin. Subcooled-
breakflow ended at 11 s.

i
.

~

1 .

l

|

1
-

i -

.

I'
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| TABLE 3-2. (continued) f
I

I

!
.

Variable, Location, {
and Detector wits l'nc e r t ai nt v Calculation Method Figure Cowenent s" (

MASS FLOW RATE (continued) The mass flow rate was calculated by combining the momentum
i flux profile with the density profile and integrating over
j Broken Logo Cold leg the cross sectional area of the pipe, according to the .

'

(continueds following equation:

DE-BL-001A' t
'D E-B ',-001 B A l/2 '

DE-BL-001CI #'" #" * # * ^ "1 'FR-BL-BRK kg/s fl6
! HE-BL-001AJ o 4C-1 ;

! ME-BL-001B 40-5 '

(| ME-BL-001C where 5C-3
4

i p a local fluid density (kg/m )

oV2 = l oc a l moment um flux (kg/m x s2)
,

I

cross-sectional area of pipe.A =

The dentity profile was obtained from the three chordal
average densities by the method described for average

y densities (except DE-BL-105).

The momentum flux profile was estimated f rom the three-
point momentum flux measurements using a Frandt! 2/7 power
low profile which was disterred to fit the local flum
readings. I

Intact Loop Cold leg
,

DE-PC-105 { pg.PC-101 kg/s t35.0 FR-PC-101 was calculated using densitometer and turbine 3C-5 Qualified.
FE-PC-001 f meter data along with the continuity equation: SC-4

Flow rate (kg/s) = | average density (Mg/m3)

[ fluid velocity (o/s))*

[ flow area (m2)] * (1000 (kg/Mg)).*

0 ,

?

b

L

l

,

I % $ e

-- - . -. -_
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TABLE 3-2. (continued)
!

[
>

Variable. Location. I

and Detector tfni t s tince rt a i nt y Calculation Method Figure Comments,

SATURATION TEMPERATURE

Broken Loop Cold Les

PE-BL-001 ST-BL-101 K 11.39 The indicated pressure is esed to perform a steam tab.e 3C-9 Qualified. p

saturation temperature interpolation. SC-6 |
I

tipper Plen e
'

*

l

P E-it'P-001 A ST-It?P-111 K t1.39 -10 Qualified. h
SC-9 }

b

!

a. The comments are the same for Experiments L5-1 and L8-2 unless the experiment is specified. ;,|

|
b. Reference 4.

-

|

The uncertainty in each conductivity probe for (a) LE-IST-1 is 4.5% of range. (b) LE-IST-2 is 17.1% of range, ard (c) LE-30P-1 is 2.9% of range. All| c.

conductivity probes have a response time of 340 ms.
t,a

4

+

!
P

i *

i

[
i.

I.

! f
a 4

1

,

I

1

,.- . -r_,_ . - - - - , - - - . . - -m._-. . - - - - _.. - _ ,_ _ _ ...,,r, , _ _ , , .,,,_m..,__,y., ,,_,-,,,n,,m,..m.r. _,,,y---,-,,--.-



EXPERIMENT L5-1
70m , , , ,j,,,,,,,,,, m

E CV-P004-010 -

E
g 60 h Uncert =* 4.600 (percent open) - 60 g

\ Range =0. to 100.0 (perconi open) __

b 50 \ ' I I
8 \ 8
I 40 40 5

*

O \ }_ O
Z 30 2
O \ O
E A p -

- 20 20 -

O J-- O
'

10
\ _k__j ww

> N : >
8 0 u 0 '

$ -.- $
l

- 10
-5 0 5 10 15 20

TIME AFTER RUPTURE (s)
Figure 3S-1. Volve position for secondary coolant system steam flow

control volve (CV-P004-010).
EXPERIMENT LS-1

1.2 , ; ; ; , , , ; , , , ; _ ,

DE-BL-001 A
3 0

' Uncert =* 110 (Mg/m ) l m
3 "j Range =0. to 1.000 (Mg/m )

_ ;n

N 1 \
G 60 E
b O

v

i J[ r >_
I

.

8 I *
0*8 - -

r j l_
un i !iLdijlj iW P' :. 4 ll. A l.u ! 19 4 i . -

I, g

50'

y .i] j h A [ _f .
,o

_ 9 A _ |." g.

w si
' u l! I z

o n J gj al i ; "i u m i Vi f| 1 .f sf lo'

) i
- I I_

i'l* r

If'
' ' '

l'a , 40m ;\ o
3 06 i4 ; 5'

6 I g,

~

30

0.4
-5 0 5 10 15 20

TIME AFTER RUPTURE (s) .

Figure 3S-2. Fluid density in broken loop cold leg, chordol density
(DE-BL-001A).
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EXPERIMENT L5-1

9 1.2 , , ,,,,,,,;,,

DE-BL-0018
-

Uncert =i .099 (Wg/m ) 3 -
O3

mm
Range =0. to 1.000 (Wg/m ) ._

""

E -

NN 1

O 60 E

b #
*

> ! L |

bI I !! l . ,I l[ I . )N <

'
'n <.

E
'*

Tl of .!) /I \ l R ll N h ll3 1
' '

- g I jr 1||1
1 Y ti i' ' s k / 0 i p (M i 3

_
Gi I. .< . i a

) y
_ 5'

2
V \ r a( iJ'

40
__ Iq 'v g a
b' | fg 5

f{ d"

,
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I
0.4 -

-5 0 5 to 15 20

TIME AFTER RUPTURE (s)
Figure 35-3. Fluid densit y in broken loop cold leg. chord 21 densit y

(DE-BL-0018).
EXPERIMENT L5-1

1.5 , , ;,,;;,,,,,

9 I I DE-BL-001C
I ! Uncert =* .180 (Mg/m ) 3 ] 803

m *
| i ! I Range =0. to 1.000 (ug/m )

_
m

!'! ! NN 1 6AIh! I i E
i

' N,U 4
e
2 rM !ld l ./ | 1 , .

i
'

i ;U!!,s t h h i r ! !. .
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> & T P I 40i M a WI i ;nN ' ''ibh Lai
'

L !0.5
W W I f s ip h Ii i ! ; G

w !! i! i W 7 'i / 20 Z
3 ' WO l ji n O

o !!} ! ] m

5 0 II W 3
0

_;

d
.

-20

-0.5
-5 0 5 10 15 20

TIME AFTER RUPTURE (s),

Figure 35-4. Fluid density in broken loop cold leg. chordal density
(DE-BL-001C) (qualified, some large dato processing spikes).
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EXPERIMENT LS-1
2 I I I I I I I i I I I !'

DE-PC-001A
_

3 0
Uncert =i .110 (Mg/m ) l m,

3

E
-

"Range =0. to 1.000 (ug/m )"
-

,

N 1 N
O 60 E
b O '

b.>.
- n-d d _ P J l bin i

@ lil J . Y 1.* .i' Pil iMI5i l
i 5Lt . t

. A,
_

J a

s 2 i

-

g
_i j "] z .O N N 1 I| 'l y 'r q VI /T'I P ][s' Tggi

,

F Nid E F

,

' I i '' ' 'I M A (I
o 1 i,'' t!' "V ' / R 11
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_ a
_. . J _ 30_._._

_h__.
0.4

'

-5 0 5 10 15 20

TIME AFTER RUPTURE (s)
Figure 35-5. Fluid densit y in Intact loop cold leg, chordol density

(DE-PC-001 A).
EXPERIMENT L5-1

I
I i i i i ! ! ! i I ! ! i

DE-PC-0018 - 60
3

"
,
Uncert =* .130 (Mg/m ) 3 -- mm
Range =0. t o 1.000 (Mg/m )
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Figure 3S-6. Fluid densit y in intact loop cold leg, chordal dens it y
(DE-PC-0018).
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EXPERIMENT L5-1
/

1.5 | | 1 i iI I I I I I i i1( '

DE-PC-001C -\

f Uncert =* 180 (Wg/m ) 3 - 80 ^
3

m
IJ Range =0. Io 1.000 (Wg/m ) ""' _

E
- -
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o- 2 i 60 -
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J p -
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-5 0 5 10 15 20

TIME AFTER RUPTURE (s)
Figure 35-7. Fluid density in intact loop cold leg, chordal densit y

(DE-PC-001C).
EXPERIMENT L5-1

0.8 9 ! , ; , ; , ,,,,,!
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-
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'
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Figure 35-8. Fluid density in intact loop hot leg, chordal dersity
(DE-PC-0028).
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EXPERIMENT LS-1
I I I I I I I I I I I I i 60

| ,j j.
OE-PC-002C -

3Uncert =* 180 (Wg/m ) 3 Z mm
o 0.8

= m o ,. m
. i
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Figur e 3S-9. Fluid densit y in intact loop hot leg. chordal density

(DE-PC-002C).
EXPERIMENT LS-1

I
I { l i I I ! I I I I I I I'
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Figure 3S-10. Fluid density in intact loop of stoom generator ou tl e t,
chordal densif y (DE-PC-0030).
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EXPERIMENT LS-1

9 30 , , , , , i,,,,,i _

FT-P004-012 Z 60
Uncert =i .280 (kg/s) -

25 Range =0. to 40.00 (kg/s) Zx n

, _,_
50

'f 20 o*

\ 40 0V

3 \ 3*0 15 ox
30 gu..

M N

$^M 10 \ 1-- 20 44
2 x 2

5 3o

\-
j ,--- _;

_

-5 0 5 10 15 20

TIME AFTER RUPTURE (s)
Figure 3S-11. St eam fl ow rote of condenser Inlet (FT-P004-012) (quallfied,

iniflot conditions only).
EXPERIMENT LS-1

259 , i , ! , ! ! 4
_, , , , , ,

FT-P004-72-2 - 50,

i Uncert =* 2.400 (kg/s) Z
20 ! Range =0. to 40.00 (kg/s) Z m

q -- { 40 k
EN '

'G 15 4
6 30 0
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M 5 | 10 M
4 4
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i
,

,
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.

-10
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-5 0 5 10 15 20

TIME AFTER RUPTURE (s)-

Figure 3S-12. Flow rate in secondary coolant system moln f eedwater pump
(FT-P004-72-2).
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EXPERIMENT LS-1
2 I I I i ! I i I i ! I

FT-P128-104 -.
*

[\ Uncert =* .014 (L/s) - 0.06 gm

{ g , i i Range =0. to 2.000'(L/s) ] N
b I

- ---- {
f i 0.04 g -

a 1 O
'

,

\ w
U ! i

_.

0.5 - -

' ~

W ! |
-'
L_ l k- m=L @; H C

3 ! f_q_ _ 3
'
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Figur e 35-13. Flow role in high-pressure injection system Pump A discharge

(FT-P128-104).
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Figure 35-14. Flow rote in inf ect loop hot leg venturl (FT-P139-27-2)
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Figure 3S-15. Diff erentici pressure in broken loop cold leg upstream of
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spoolpiece (PdE-BL-015. -016. -017. and -018).
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Figur e 35-17. Dif f er ential pressure in intact loop across steam generator

(PdE-PC-002).
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Figure 35-18. Re f er ence pr essure in Intact loop between steam generator
ouil e t and pump in1et (PE-PC-006).
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Figure 3S-19. Pressure in intact loop pressurizer vopor space of 1.88 m
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Figure 35-20. Local overage power. Channel A (RE-T-77-1A2).
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Figure 3S-21. Coolont temperature in broken loop cold leg (TE-BL-0018)
(quallfled, possible hot wall e f f ec t s).

EXPERIMENT L5-1
565 i , , , , , , i , i , ,

TE-PC-0018
-

2 Uncert =* 3.000 (K) [ [
Range =255.0 to 980.0 (K)

_

v v

$ 560 !I I I I I !! y
a 1 I I JL' I | ! l 3

Q -

g __-_- _---_-_--- ('
- Q

m ___________ _ _

g_ __ __

,

3 555 -----------. -- '540

-
3

~ ~~---Z_--~ g4_ ~
_ ___

i I_ __. _ _ . j |__._ __

| $
o 550 , , ; ; , , , , 530 o,

o oo | I I I I I I ! u ~

I I I I I I I

l I I I I I I

I I I I I I I545
-5 0 5 10 15 20

TIME AFTER RUPTURE (s)
'

Figure 35-22. Coolant temperature in Intact loop cold leg (tr-PC-0018)
(quellfled, possible hot wall e f f ec t s).
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Figure 35-23. Coolont temperature in intact loop hot leg (TE-PC-0028)

(quallfled, possible hot wall e f f ec t s).
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Figure 35-24. Coolant temperature in reactor vessel of lower and box of
Fuel Assembly 1 (TE-1LP-001).
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Figure 3S-25. Coolont temperature in reactor vessel of upper end box of

Fuel Assembly 1 (TE-10P-001).
EXPERIMENT L5-1

00 620i j i i ; ; ; , ; ; ; ; i

TE-3UP-001 -

2 Uncert =* 3.000 (K) - h
Range =310.0 to 980.0 (K) - vv

,590
w ,= , - -g_. j\ l 7 600 w,

'm
O

. m
% D

t-
< --

q t-
g <

m 580 m
$ i, 580 $
2 l 2'

w y w,

' >- &
f 570
, - 1 ,_

i Z he 560' Z< '% 4.

I 1 m 2
l O - m O
' O 560 Y,;

--

., .. tn . J, u
O

O . , , , ,
24 ~

540
f

I550
-5 0 5 10 15 20

TIME AFTER RUPTURE (s) .

Figure 3S-26. Coolont temperature in reactor vessel at upper end box of
Fuel Assembly 3 (TE-3UP-001).
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Figur e 3S-27. Coolant t emper atur e in reactor vessel at upper end box of
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Figure 3L-2. Fluid density in broken loop cold leg, chordal dens it y
(DE-BL-0018).
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Figure 3L-3. Fluid density in broken loop cold leg, chordal dens it y

|
(DE-BL-001C) (qualified, some large dato processing spikes).

| EXPERIMENT L5-1
| 1.5 , gg ; i,,,,,i;;;,;;;;, ,,,,;

||| I DE-BL-0028
Unce rt =* .099 (Mg/m ) 3 ] 803'lij i

m
Range =0. t o 1.000 (Mg/m ) "._|[|m ;

' i i i 'i! ! |_l_ 5( l ll!3 Silli J l .l _ Em
1" 1 1__ o3

v
._ +

| [ ! I]_Il j y 40 >-

|||| | C| G 05
6

| z m
II II ' 20 Zy
ll II q

o
o || 11 h I .

,. . . .

| 5 o _ g____Ml H HdWQh i ld id$ 1 ; J| | | $ liyH4 9.o

1 11
- ; ji

- '

-20
11 11 .

!-0.5
-25 0 25 50 75 10 0 12 5 15 0 17 5 200 225

TIME AFTER RUPTURE (s)2

Figure 3L-4 Fluid density in broken loop hot leg, chordal dens it y
(DE-BL-002B).

53

l



|

EXPERIMENT L5-1

1.2 , , ; ;,,,,;,,;, , , ,,,,,,,,,,,,,,,,,,,,,,,,;,,,
''

161 111111|||| 11 |||| DE-BL-002C
311,l .l l 1 | | | 1 | | | 1 Il lil uncert =* .180 (Mg/m ) ;-.

,a mm
UIIIIII II III " "'' " ' ' ' ("''*"

E
--

' ' ' 1--- NN 0.8
p _ _ . _____ ___ .. .__ . E

~~T~' O '

.1,
. . .

> Il fi ll t'u l i l l l l l l l l l i l 111111||11||I1111111111111
b '' Ili l l f i l m i l l l l l l l l l l l l |||||l||111111111111|||||1 D
Q 11|||11 E|||11|||1|||1 1111|||||111|||||||11111!I1] 520
w lilllll Rillillhillllllillllllll!Il!Illllll!]Illllll z .

| | 11111 | | | | | | 11111'11111 | | | 1111 | | 1111'l | |111 | | | f i l'l Il

11111111|||1||1||1|||||||||11|||11111|||11111111 11

I!!IIIIIIIIII!!IIIIIII!!IIIIIIIIIIIIIIIIll!!!I!! II '- 0.4
-25 0 25 50 75 10 0 12 5 150 17 5 200 225

TIME AFTER RUPTURE (s)
Figure 3L-5. Fluid density in broken loop hot leg. chordal dens it y
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Figure 3L-6. Fluid density in intact loop cold leg, chordal density
(DE-PC-001A).
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Figur e 3L-7. Fluid densit y in intact loop cold leg, chordal densit y
(DE-PC-0018).
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Figure 3L-8. Fluid density in inf ect loop cold leg, chordal densit y
(DE-PC-001C).,
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F igur e 3L-10. F luid densit y in Intact loop hot leg, chordal dens it y
(DE-PC-002C).
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Figure 3L-11. Fluid density in intact loop of steam generator ou tl e t,

chordal densit y (DE-PC-0038).
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Figure 3L-12. Fluid velocity in intact loop cold leg horizontal DTT roke at
center of pipe (FE-PC-0018).
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rigure 3L-13. Fluid velocity in intact loop hot leg DTT roke at bo t t om.

middle, and t op of pipe (FE-PC-002 A, -0028, and -002C).
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F i gu r e 3L-14. F l ow role in l ow-p r essu r e injection system Pump A discharge
(FT-P120-085) (qualified, no oIher measuremeni f or dir oc t
compa ri son).
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Figur e 3L-15. Flow role in high-pressure injection system Pump A discharge

(FT-P128-104).
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| Figure 3L-16. Liquid level in emergency core cooling system Accumulator A

(LE-ECC-01A).'
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Figure 3L-17. Liquid level in emergency core cooling system Accumulator A

(L I T-P120-087).
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Figure 3L-18. Liquid level in blowdown suppression t ank, north and south
ends (LT-P138-033 and -058) (quotified, not dens it y
compensa t ed).
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Figure 3L-19. Momentum flux in broken loop cold leg DTT roke at bottom of

pipe, high range (ME-BL-001A).
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Figure 3L-20. Momentum flux in broken loop cold leg DTT roke at center of
pipe, high ronge (ME-BL-0018).

O
61



|

1

i

EXPERIMENT L5-1
,

15 IC000 |||jg ,iiiiiiiiiiiiiiiiiiii,ijiiiiii

III! WE-BL-001C
~~

^m

"n |||| Uncert =* 1.500 (Wg/m-s')
~~

"m
8000I |||| Range =1.500 to 12.00 (Wg/m-s') -7 g

E 1 !1 -

N 10 N
O 6000 E
2 Ell o

'* Ell .,

N 4000 X
J 5 --- O'"
' IEl a

'
liti

3 | | lj 3
-2000

, .___ 3

$ ---- - y | | d_fEIIIAIItuuluuuuuuuuuuEuEiii;;;;;; E
____ _ _ ________________________________.o w3 o_

o 2
s | | 11 - o

*
|||| -2000

lill 1_3
-25 0 25 50 75 100 12 5 150 17 5 200 225

TIME AFTER RUPTURE (s)
Figure 3L-21. Womentum flux in broken loop ccid leg DTT roke of top of

pipe, high range (WE-BL-001C).
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Figure 3L-22. Momentum flux in broken loop cold leg DTT roke of center of .

pipe, low ronge (ME-BL-001E) (Instrument soturated prior to
12 s) (qualified, narrow range I ns tr umen t).
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Figure 3L-23. Womentum flux in broken loop cold leg DTT roke of top of

pipe, low ranga (WE-BL-001F) (Instrument saturated prior to
12 s) (quallfled, narrow range instrument).
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Figure 3L-24. Momentum flux in intact loop cold leg horizontal DTT roke on
for side of pipe os viewed from roke flange (WE-PC-001A).
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Figure 3L-25. Momentum flux in intact loop hot leg DTT roke of bottom of

pipe (ME-PC-002A).
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Figure 3L-26. Momentum flux in intact loop hot leg DTT roke at middle of
pipe (ME-PC-0028).
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Figure 3L-27. Womentum flux in intact loop hot leg OTT roke at top of pipe

(ME-PC-002C).I
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Figure 3L-28. Dif f erential pressure in broken loop cold leg across break
nozzle (PdE-BL-018).
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Figure 3L-29. Diff erential pressure in intact loop across primary coolont

Pumps 1 and 2 (PdE-PC-001).
EXPERIMENT L5-1

50 ,,;,,,,,,,,,,,,,,,,,,,,-
^ PdE-PC-008

~
m

E Uncert =* 1.200 (kPa) *G

U ange =0. to 40.00 (Wo) _ 6 S40 : -:

$ $
D D
M M
M 30 -- M

I h
--------------~~---- 2

s"
? 20 q- + - - - - ----<

hgs --

] -__ --___ _______ |IkN$$puun.w%,,,l

]
5

--------- -----------------------
5

u. 10 L.

bI 11 1ii ,

'0 0
-25 0 25 50 75 10 0 12 5 15 0 175 200 225

TIME AFTER RUPTURE (s)
*

Figur e 3L-30. Dif f erenflol pressure in intact loop cerass pressurizer surge
line (PdE-PC-008) (qualified, narrow range i ns tr umen t,
magnitude uncertain).
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Figure 3L-33. Pressur e in broken loop cold leg (PE-8L-001).
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Figure 3L-35. Pressure in intact loop cold leg (PE-PC-001).
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Figure 3L-37. Pressure in st eam generator dome (PE-SGS-001).
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Figure 3L-38. Pressure in reactor vessel above upper end box of fuel
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Figure 3L-39. Pressure in intact loop pressurizer vapor space of 1.88 m
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EXPERIMENT L5-1

25002500 ,,,,i,,,,,,,,,,,,,,,,,,

RPE-PC-001 --

Uncert =* 8.820 (RPM) --

"9' '' *

2000 - 2000
,

c_
.

2I
L c.

1500 1500
\ Q0

b b
c.c. 3 WM j

---10001000
i

2 \ 2
D \ D
c. 3

c.

\ 500500 g g

t ,
\ J'

'h. -F

0 0
-25 0 25 50 75 10 0 125 150 17 5 200 225

TIME AFTER RUPTURE (s),

Figure 3L-40. Pump speed f or primary coolont Pump 1 (RPE-PC-001).
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Figur e 3L-41. Pump speed for primary coolont Pump 2 (RPE-PC-002).
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Figur e 3L-47. Coolont t emper at ur e in reactor vessel of upper end box and

liquid level stings above Fuel Assembly 3 (TE-3UP-001. -008,
-010, and -014).
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Figur e 3L-49. Clodding t empera t ur e in reactor vessei Fuel Assembly 5, Row G.
Column 6. 0.28, 0.76,1.14, and 1.57 m above bo tt om o f f uel r od

(TE-5G6-011. -030. -045, and -062).

900 j , ,,,,;; ;,, ,,;,,,,;,;;;;,j,,

A TE-5H6-024 .- m
x 0 TE-5H6-028 - b
" ' "

i O TE-5H6-032 1000800 TE-5H6-037 ~[w w-

$ - -_- . Uncert =* 3.000 (K) .i $
H --- Range =420.0 to 1530. (K) - H
< ..-. <

!

$ 700 |' ,.-5 . 800 $, ,
Q-

1 AM L
- 2

n-,

2 ;
"

'g-3p

U d/ \ U
e - , ,af

-

O 600, "
i /// i 600 0

Z ,/f,/ } z
-

A _

-
-

b7/ _ Y $-' ~
~

.

~em e

0
~

=
. /

4 500 " 4
j

~ '

Lt. ___ 400 o-

==GG| *

_-- I

' !

-

!400
-25 0 25 50 75 10 0 12 5 150 17 5 200 225

TIME AFTER RUPTURE (s) .

Figure 3L-50. Clodding temperature in reactor vessel Fuel Assembly 5, Row H.
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| Figur e 3U-1. Average fluid density in broken loop cold leg, chordal
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Figure 30-3. Flow rote in high-pressure injection system Pump A discharge

(F T-P128-104).
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Inlet (PE-PC-006).-
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4. EXPERIMENTS L5-1 AND L8-2 COMPARISON
DATA PRESENTATION

V
The data presentation in this section are from 1. Experiments LS-1 and L8-2 Measured

Experiments LS-1 and L8-2. The data have been Variables, Short-Term Plots (-5 to 20 s),
overlayed to shev' the comparison of these two Figures 4S-1 through 4S-3
experiments.

.

Table 4-1 lists the selected measurements 2. Experiments L5-1 and L8-2 Measured
presented in this section and gives the detector Variables, Long-Term Plots (0 to 200 s),
location and the figure numbers. In addition, this Figures 4L-1 through 4L-20
table contains a " Comments" column that gives

# information pertaining to the usability of the data.
3. Experiments L5-1 and L8-2 Computed

The data are divided into three categories as Variables, Figures 4C-1 through 4C-5.
follows:

TABLE 4-1. MEASURED VARIABLES PRESENTED FOR EXPERIMENTS L5-1 AND L8-2
COMPARISON

Variable,
System, and Figure
Detector Location Number Con. ment s"

VALVE OPENING

S
) Broken Loop,V

CV-P138-001 Quick-opening blowdown 4S-1 Qualified.
valve (QOBV) in cold leg.

CHORDAL DENSITY

Broken Loop

DE-BL-001B Cold leg at drag disc- 4L-1 Qualified (LS-1).
turbine transducer (DTT) Qualified, invalid
flange. Beam B is through data between 310
centerline of pipe 45* and 360 s replaced
from vertical (counter- by interpolation
clockwise (CCW) looking (L8-2).
toward reactor vessel,

(RV)].

DE-BL-001C Cold leg at DTT flange. 4L-2 Qualified, some
Beam C is 22*, 7 min from large data pro-

I Beam B (CCW looking cessing spikes

toward RV). (LS-1). Qualified,
invalid data '

between 310 and
360 s replaced by
interpolation

[j\i (L8-2).
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TABLE 4-1. (continued)

Variable,
System, and Figure

*Detector Location Numbe r Comments

FLUID VELOCITY
.

Intact Loop

FE-PC-001B Cold leg horizontal DTT 4L-3 Qualified.
flange at center of pipe.

g

FE-PC-002B Hot leg DTT flange at 4L-4 Qualified.
middle of pipe.

MOMENTUM FLUX

Broken Loop

ME-BL-001A Cold leg DTT flange at 4L-5 Qualified.
bottom of pipe, high
range.

ME-BL-001B Cold leg DTT flange at 4L-6 Qual fied.
middle of pipe, high
range.

ME-BL-001C Cold leg DTT flange at top 4L-7 Qualified,
of pipe, high range.

Intact Loop

ME-PC-001A Cold leg horizontal DTT 4L-8 Qualified.
flange at far side
of pipe as viewed from
rake flange.

ME-PC-002B Hot leg DTT flange at 4L-9 Qualified.
middle of pipe.

NEUTRON

DETECTION ,

Reactor Vessel

NE-2H8-26 Neutron detector in Fuel 4S-2 Qualified (L5-1).
Assembly 2. Qualified, 'I

anomalous spike at
approximately 300 s
(L8-2).

O
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TABLE 4-1. (continued)

''N
\

.\'~'/ Variable,
System, and Figure

a
Detector Location Number Comments

DIFFERENTIAL
PRESSURE,

Broken Loop

PdE-BL-018 Cold leg across nozzle 4L-10 Qualified (LS-1).
spoolpiece. Qualified,

'

anomalous spikes
prior to 110 s

(L8-2).

Intact Loop

PdE-PC-008 Across pressurizer surge 4L-11 Qualified, narrow
line. range instrument,

magnitude
uncertain.

PdT-P139-030 Across RV just beyond 4S-3 Qualified, initial
intact loop inlet and conditions only.
outlet nozzles.

b
\ _ ,/ PRESSURE

Broken Loop

PE-BL-001 Cold leg at DTT flange. 4L-12 Qualified.

PE-BL-009 Cold leg upstream of 4L-13 Qualified.
nozzle.

Intact Loop

PE-PC-001 Cold leg at DTT flange. 4L-14 Qualified.

Secondary
Coolant System

.

PE-SGS-001 SG dome pressure. 4L-15 Qualified.
.

Reactor Vessel
7

PE-lUP-001A Above Fuel Assembly 1 upper 4L-16 Qualified.
end box.

'
Iv

:
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TABLE 4-1. (continued)

Variable,
System, and Figure

a
Detector Location Number Comments

TEMPERATURE
.

Reactor Vessel

TE-1B10-037 Cladding on Fuel 4L-17 Qualified.
Assembly 1, Row B,
Column 10 at 0.94 m above ~

bottom of fuel rod.

TE-1Bil-028 Cladding on Fuel 4L-18 Qualified.
Assembly 1, Row B,
Column 11 at 0.71 m above
bottom of fuel rod.

TE-1Bil-032 Cladding on Fuel 4L-19 Qualified.
Assembly 1, Row B,
Column 11 at 0.81 m above
bottom of fuel rod.

TE-1B12-026 Cladding on Fuel 4L-20 Qualified.
Assembly 1, Row B,
Column 12 at 0.66 m above
bottom of fuel rod.

-

a. The comments are the same for Experiments LS-1 and L8-2 unless the
experiment is specified.
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EXPERIMENTS LS-1/L8-2
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Figure 45-1. Volve position in broken loop cold leg quick-opening blowdown

voIve (CV-?138-001).
EXPERIMENTS L5-1/L8-2

^ 30 ^' ' ' ' ' ' I i i i I ! I iex E a- .; -r -

NE-2H8-26
_

) N
- 8 N(d hN A (L5-1) _

5
3

O (L8-2) _

v

Uneeri =* 5.300 (kW/m) '2 O
-

g6O Range =0. t o 52.50 (kW/m) {
-

%<
" 4 my w
b 10 Z

y1 0
2

& &
t

4w \
\ YZ

g q = = = : : a a ,.

U U
b -2 3

~

-10
-5 0 5 10 15 20

TIME AFTER RUPTURE (s),-
Figure 4S-2. Local heat generation rate f or Fuel Assembly 7 (NE-2H8-26)

(quallfled, anomalous spike at opproximately 3JO s: L8-2).
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EXPERlWENTS L5-1/L8-2
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Figure 45-3. Differential pressure in intact loop acrtss reactor vessel

(PdT-P139-030) (qualified, Initial conditions only).
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EXPERIMENTS L5-1/L8-2
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Figure 4L-1. Fluid density in broken loop cold leg chordal density

(DE-5L-0010) (quallfled. Invalid dato between 310 and 360 s.
replaced by interpolation: L8-2).
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EXPERIMENTS LS-1/L8-2 |
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Figure 4L-3. Fluid velocity in intoct loop cold leg horizontal DTT roke of
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conter of pipe (FE-PC-0018).
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F i gu r e 4L-5. Women t um flux in broken loop cold leg of bottom of pipe, high

ronge (WE-BL-001A).
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Figur a 4L-7. Womer.tum flux in broken loop cold leg at top of pipe, high range

(WE-BL-001C).
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|

O
102

__ _



_ _ _ _ _ _ _ _ _ _ _ _

EXPERIMENTS L5-1/L8-2
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Figure 4L-9. Woment um flux in intact loop hot leg of middle of pipe

(ME-PC-0028).
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' Figure 4L-10. Diff erential pressure in broken loop cold leg across nozzle

spoolplace (PdE-BL-018) (quellfled, anomalous spikes prior
to 110 :: L8-2).
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EXPERlWENTS L5-1/L8-2
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Figure 4L-11. Diff erential pressure in intact loop across pressurizer

surge lina (PdE-PC-008) (quallfled, narrow range ins tr umen t,
magnitude uncertain).
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Figure 4L-12. Pressure in broken loop cold leg (PE-BL-001).
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Figure 4L-13. Pressure in broken loop cold leg upstroom of nozzle

(PE-BL-009).
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Figure 4L-14. Pressure in intact loop cold leg (PE-PC-001).
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Figure 4L-15. Pr essur e in stsom generotor dome (PE-SGS-001).
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EXPERIMENTS L5-1/L8-2
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Figur e 4L-17. Clodding t emperatur e in reactor vessel of Fuel Assembly 1

Row 8. Column 10 at 0.94 m above bottom of f uel rod
(TE-1810-037).
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# Figure 4L-18. Clodding temperature In reactor vessel at Fuel Assembly 1

Row 8. Column 11 of 0.71 m above bottom of f uel rod
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EXPERIMENTS L5-1/L8-2 |
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Figure 4L-19. Clodding temperature in reactor vessel at Fuel Assembly 1

Row 8, Column 11 at 0.81 m obove bottom of f uel rod

(TE-1811-032).
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Figure 4C-1. Moss flow rate in broken loop cold leg (FR-BL-BRK).
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EXPERIMENTS L5-1/L8-2
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Figure 4C-3. Fluid subcooling in reactor vessel upper plenum

(SC-5UP-102).
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5. DATA PRESENTATION FOR EXPERIMENT L8-2

s The data presented in this section are selected. 1. Experiment L8-2 Measured Variables,
uninterpreted. thermal-hydraulic and nuclear data Long-Term Plots (0 to 400 s), Figares $L-1
from Experiment L8-2. through SL-65

Table 5-1 lists the selected measurements pre-
sented in this section and gives the detector loca- 2. Experiment L8-2 Computed Variables,

* tion and the figure numbers. In addition, this Figures SC-1 thro igh SC-17
table contains a " Comments" column that gives
information pertaining to the usability of the data. 3. Experiment L8-2 Variables with Uncertainty

The data are divided into three categories as Bands, Figures SU-l through SU-5.
follows:*

TABLE 5-1. MEASURED' VARIABLES PRESENTED FOR EXPERIMENT L8-2

Variable,
System, and Figure
Detector Location Number Comments

CHORDAL DENSITY

Broken Loop

DE-BL-001B Cold leg at drag disc- SL-1 Qualified, invalid

turbine transducer (DTT) 5U-1 data between 310
flange. Beam B is through and 360 s replaced
centerline of pipe 45* by interpolation.

from vertical (counter-
clockwise (CCW) looking
toward reactor vessel

(RV)].

DE-BL-001C Cold leg at DTT flange. SL-2 Qualified, invalid
Beam C is 22', 7 min from data between 310
Beam B (CCW looking and 360 s replaced

toward RV). by interpolation.

DE-BL-002B Hot leg at DTT flange. SL-3 Qualified, invalid-

Beam B is through center- data between 310
line of pipe 45' from and 360 s replaced
vertical (clockwise (CW) by interpolation.

p looking toward RV].

DE-BL-002C Hot leg at DTT flange. SL-4 Qualified, invalid
Beam C is 22', 7 min from data between 310
Beam B (CW looking toward and 360 s replaced
RV). by interpolation.

v
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TABLE 5-1. (continued)

Va iable,t

System, and Figure
Detector Location Number Comments

CHORDAL DENSITY
'

(continued)

Intact Loop

DE-PC-001B Cold leg at DTT flange. SL-5 Qualified, invalid -

Beam B is through center- SU-2 data between 310
line of pipe 45* from and 360 s replaced
vertical (CCW looking by interpolation.
away from RV).

DE-PC-002A Hot leg at DTT flange. SL-6 Qualified, invalid
Beam A is 14*, 21 min data between 310
from Beam B (CW looking and 360 s replaced
away from RV). by interpolation.

DE-PC-002B Hot leg at DTT flange. SL-7 Qualified, invalid
Beam B is through center- data between 310
line of pipe 45* from and 360 s replaced
vertical (CCW looking by interpolation.
away from RV).

DE-PC-002C Hot leg at DTT flange. SL-8 Qualified,
Beam C is 22*, 7 min from magnitude
Beam B (CCW looking away uncertain. Invalid

from RV). data between 310
360 s replaced by
interpolation.

DE-PC-003B Below steam generator (SG) SL-9 Qualified.
at DTT flange. Beam B is
through centerline of pipe.

FLUID VELOCITY

Intact Loop
.

FE-PC-001A Cold leg horizontal DTT SL-10 Qualified.
flange on far side
of pipe as viewed from
rake flange. q

FE-PC-001B Cold leg horizontal DTT SL-10 Qualified.
flange at center of pipe.

O
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i -TABLE 5-1. -(continued)
1 s

! t

s ,/ Variable,r
s

i System, and- Figure
'

i Detector Location Number Comments

i<
;

.

*
,

~ *i FLUID VELOCITY
,

I (continued)
! ,

Intact Loop4

! (continued) ;
; . t
b'

| FE-PC-001C Cold leg. horizontal DTT. SL-10' Qualified.
i flange on near side
i- of pipe as viewed from

rake = flange.,

,

I' FE-PC-002A Hot leg DTT flange at' SL-11 Qualified.
bottom of' pipe.;.

1
s

FE-PC-002B Hot leg DTT flange at 5L-11 Qualified.
, = middle of pipe.
2

! FE-PC-002C Hot leg DTT flange at top SL-11 Qualified.
of pipe. i

; !
4

i

i. FLOW RATE .

!
+ t
' '
; Emergency Core

' Cooling System .

FT-P120-072 Low-pressure injection SL-12 Qualified.
j system (LPIS)' Pump B i

i discharge. !j

FT-P120-085 LPIS Pump A discharge. SL-13 Qualified, spikes-
; ' at approximately
,

5 s.-
| ;

i

! FT-P120-31-5 Accumulator B in 6-in. 5L-14 Qualified.
l line downstream of |

orifice.
,

\

| FT-P128-085 High pressure injection SL-15 Qualified.
'

system (HPIS) Pump B
! discharge. |

[ / r
'

1 FT-P128-104 - HPIS Pump A discharge. SL-16 Qualified.
i.

!

,

P

l 5

!

I-
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TABLE 5-1. (continued)

Variable,
,

System, and Figure
Detector Location Number Comments

LIQUID LEVEL ,

|

Emergency Core |
Cooling System

LE-ECC-OlA Accumulator A. SL-17 Qualified. *

LIT-P120-030 Accumulator B. SL-18 Qualified.

LIT-P120-044 Accumulator A. SL-19 Qualified.

Blowdown Sup-
pression Tank

LT-P138-033 Blowdown suppression tank SL-20 Qualified, not

(BST) level on north end density
of tank. compensated.

LT-P138-058 BST level on south end of SL-20 Qualified, not
tank. density

compensated.

MOMENTUM FLUX

Broken Loop

ME-BL-001A Cold leg DTT flange at SL-21 Qualified.
bottom of pipe, high
range.

ME-BL-001B Cold leg DTT flange at SL-22 Qualified.
middle of pipe, high
range.

ME-BL-001C Cold leg DTT flange at top SL-23 Qualified.
of pipe, high range.

,

ME-BL-001D Cold leg DTT flange at SL-24 Qualified, narrow
bottom of pipe, low range. range instrument.

"ME-BL-001E Cold leg DTT flange at SL-25 Qualified, narrow ,

middle of pipe, low range. range instrument.

ME-BL-001F Cold leg DTT flange at top SL-26 Qualified, narrow
of pipe, low range. range instrument.

O
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TABLE 5-1. (continued)

,CN Variable,

( ) System, and Figure
'' # De,tector Location Number Comments

MOMENTUM FLUX
(continued),

Intact Loop

ME-PC-001A Cold leg horizontal DTT SL-27 Qualified.
flange on far side.

of pipe as viewed from
rake flange.

ME-PC-001B Cold leg horizontal DTT SL-28 Qualified,

flange at center of magnitudes
pipe. uncertain.

ME-PC-002A Hot leg DTT flange at 5L-29 Qualified,
bottom of pipe.

ME-PC-002B Hot leg DTT flange at SL-30 Qualified,
middle of pipe.

ME-PC-002C Hot leg DTT flange at top 5L-31 Qualified.
/ of pipe.

J
ELECTRICAL
CURRENT

Intact Loop

PCP-1-I-RMS Primary coolant pump 5L-32 Qualified, no other

(PCP) 1. measurement for
direct comparison.

,

PCP-2-I-RMS PCP-2. SL-35 Qualified, no other
measurement for
direct comparison.

ELECTRICAL
* POWER

_I_n t a c t Loop

j PCP-1-P PCP-1. SL-33 Qualified, no other
measurement for
direct comparison.

PCP-2-P PCP-2. SL-36 Qualified, no other

/'~'' measurement for
( ) direct comparison.
v
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TABLE 5-1. (continued)

Variable,
'

System, and Figure
Detector Location Number Comments

ELECTRICAL ,

VOLTAGE

Intact Loop

PCP-1-V-RMS PCP-1. SL-34 Qualified, no other '

measurement for
direct comparison.

PCP-2-V-RMS PCP-2. 5L-37 Qualified, no other
measurement for
direct comparison.

DIFFERENTIAL
P RESSURE

Broken Loop

PdE-BL-015 Cold leg upstream to nozzle SL-38 Qualified, over-
throat. ranged 0 to 11 s.

PdE-BL-016 Cold leg upstream to nozzle SL-38 Qualified, over-
midplane. ranged 0 to 11 s.

PdE-BL-017 Cold leg upstream to nozzle SL-38 Qualified, over-
exit, ranged 0 to 11 s.

PdE-BL-018 Cold leg across nozzle SL-38 Qualified,
spoolpiece. anomalous spikes

prior to 110 s.

Intact Loop

PdE-PC-001 Cold leg across PCPs. 5L-39 Qualified.

PdE-PC-010 Across PCP-2. SL-40 Qualified. ,

Reactor Vessel

PdE ?V-005 Top of RV to intact loop SU-3 Qualified,
hot leg. magnitude ' 't

uncertain, no other
measurement for
direct comparison.

O
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TABLE 5-1. -(continued)

Cs Variable,
System, and Figure
Detector Location Number Comments

.

DIFFERENTIAL
*

PRESSURE
(continued)

Intact Loop

*
PdT-P139-030 Across RV just beyond SL-41 ' Qualified, initial-

intact loop inlet and conditions only.'
outlet nozzles.

PRESSURE

Broken Loop

PE-BL-001 Cold leg at DTT flange. SL-42 Qualified.

PE-BL-009 Cold leg upstream of SL-43 Qualified.
nozzle.

Intact Loop

PE-PC-001 Cold leg at DTT flange. SL-44 Qualified.

PE-PC-006 Reference pressure between SL-45 Qualified.
SG outlet and PCP inlet.

Secondary
Coolant System

PE-SGS-001 SG dome pressure. SL-46 Qualified.

Reactor Vessel

PE-lUP-001 A Above Fuel Assembly 1 upper SL-47 Qualified.
end box.

* Intact Loop

PT-P139-05-1 Pressurizer, 1.88 m above 5L-48 Qualified.
bottom (vapor space).

f PUMP SPEED

Intact Loop

RPE-PC-001 PCP-1. SL-49 Qualified.

,s RPE-PC-002 PCP-2. 5L-50 Qualified.
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TABLE 5-1. (continued)

Variable,
System, and Figure
Detector Location Number Comments

TEMPERATURE
.

Broken Loop

TE-BL-001B Cold leg at DTT flange SL-51 Qualified, possible
at middle of pipe. hot wall effects.

,

TE-BL-002B Hot leg at DTT flange SL-52 Qualified, possible
at middle of pipe. hot wall effects.

Intact Loop

TE-PC-001B Cold leg DTT flange at SL-53 Qualified, possible
middle of pipe. hot wall effects.

TE-PC-002B Hot leg DTT flange at SU-4 Qualified, possible
middle of pipe. hot wall effects.

Reactor Vessel

TE-2H13-021 Cladding on Fuel SL-54 Qualified.
Assembly 2, Row H,
Column 13 at 0.53 m above
bottom of fuel rod.

TE-2H13-049 Cladding on Fuel SL-54 Qualified.
Assembly 2, Row H,
Column 13 at 1.24 m above
bottom of fuel rod.

|
'

TE-2H14-028 Cladding on Fuel SL-54 Qualified.
( Assembly 2, Row H,
I Column 14 at 0.71 m above

bottom of fuel rod.

TE-2H14-032 Cladding on Fuel SL-54 Qualified.
Assembly 2, Row H, *

Column 14 at 0.81 m above
bottom of fuel rod.

TE-3B10-037 Cladding on Fuel SL-55 Qualified. ..

tAssembly 3, Row B,
Column 10 at 0.94 m above
bottom of fuel rod.

O
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TABLE 5-1. (continued)

/
/

4

(' '/ Variable,
System, and Figure
Detector Location Number Comments

TEMPERATURE.

(continued)
,

Reactor Vessel
(continued)

.-

TE-3B11-028 Cladding on Fuel SL-55 Qualified.
Assembly 3, Row B,
Column 11 at 0./1 m above
bottom of fuel rod.

TE-3Bil-032 Cladding on Fuel SL-55 Qualified.
Assembly 3, Row B,
Column 11 at 0.81 m above
bottom of fuel rod.

TE-3B12-026 Cladding on Fuel SL-55- Qualified.
Assembly 3, Row B,
Column 12 at 0.66 m above
bottom of fuel rod.-~s

}
x_,/ TE-3UP-001 Fuel Assembly 3 upper end SL-56 Qualified.

box.

TE-3UP-008 Liquid level transducer SL-56 Qualified.
above Fuel Assembly 3.

TE-3UP-010 Liquid level transducer SL-56 Qualified.
above Fuel Assembly 3.

TE-3UP-014 Liquid level transducer SL-56 Qualified.
above Fuel Assembly 3.

TE-4H13-037 Cladding on Fuel SL-57 Qualified.
Assembly 4, Row H,
Column 13 at 0.94 m above

'
bottom of fuel rod.

TE-4H14-032 Cladding on Fuel SL-57 Qualified.
Assembly 4, Row H,

j~ Column 14 at 0.31 m above
bottom of fuel rod.

TE-4H15-026 Cladding on Fuel 5L-57 Qualified.
Assembly 4, Row H,

/'~N Column 15 at 0.66 m above
( bottom of fuel rod.
-
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TABLE 5-1. (continued)

Variable,
System, and Figure
Detector Location Number Comments

TEMPERATURE *

(continued)

Reactor Vessel
(continued)

.

TE-4H15-041 Cladding on Fuel SL-57 Qualified.
Assembly 4, Row H,
Column 15 at 1.04 m above
bottom of fuel rod.

TE-5G6-011 Cladding on Fuel SL-58 Qualified.
Assembly 5, Row G,
Column 6 at 0.28 m above
bottom of fuel rod.

TE-5G6-030 Cladding on Fuel SL-58 Qualified.
Assembly 5, Row G,
Column 6 at 0.76 m above
bottom of fuel rod.

TE-5G6-045 Cladding on Fuel SL-58 Qualified.
Assembly 5, Row G, SU-5
Column 6 at 1.14 m above
bottom of fuel rod.

TE-5G6-062 Cladding on Fuel SL-58 Qualified.
Assembly 5, Row G,
Column 6 at 1.57 m above
bottom of fuel rod.

TE-5H6-024 Cladding on Fuel SL-59 Qualified.
Assembly 5, Row H,
Column 6 at 0.61 m above
bottom of fuel rod.

*

TE-5H6-028 Cladding on Fuel 5L-59 Qualified.
Assembly 5, Row H,
Column 6 at 0.71 m above
bottom of fuel rod.

.

TE-SH6-032 Cladding on Fuel SL-59 Qualified.
Assembly 5, Row H,
Column 6 at 0.81 m above
bottom of fuel rod.

O
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_-

-TABLE 5-1. -(continued)? ~ j
\

Variable,
System, and Figure
Detector Location' Number Comments

,

~*
TEMPERATURE

(continued) F

Reactor-Vessel-

-(continued),

TE-5H6-037- Cladding on Fuel SL-59 Qualified.
Assembly 5, Row H,

,

Column 6 at 0.94 m above-
bottom of'fue1~ rod.

'

TE-5LP-001 Fuel Assembly 5 lower end SL-60 Qualified.
box.

TE-5LP-003 ' Fuel Assembly 5 lower end 5L-61- Qualified. ;

box.

TE-5UP-001 Fuel Assembly 5 upper end - SL-62 Qualified.
box.

TE-5UP-003 Fuel Assembly 5 upper end '5L-63 Qualified. ,

box.
,s

TE-5UP-005 Fuel Assembly -5 upper end SL-64 Qualified,
box.

TE-6G14-011 Cladding on Fuel SL-65 Qualified.
Assembly 6, Row G,
Column 14 at 0.28 m above
bottom of fuel rod.

TE-6G14-030 Cladding on Fuel SL-65 Qualified.
Assembly 6, Row G,
Column 14 at 0.76 m above-
bottom of fuel rod.

.

TE-6G14-045 Cladding on Fuel 5L-65 Qualified.
Assembly 6, Row G,
Column 14 at 1.14 m above

?..
bottom of fuel rod.

TE-6I14-021 Cladding on Fuel SL-65 Qualified.
Assembly 6, Row I,
Column 14 at 0.53 m above
bottom of fuel rod.

~ r'
.
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Figure SL-1. Fluid density in broken loop cold leg, chordal dens it y

(DE-8L-0018) (qualified, invalid dat o be t ween 310 and 360 s,
replaced by in t e r po la tion).
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Figure SL-2. Fluid density in broken loop cold leg, chordal densit y
(DE-BL-001C) (qualified. Invalid dat o be t ween 310 and 360 s.
replaced by in t * r po l a ti on).
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Figure 5L-3. Fluid density in broken loop hot leg, chordol densit y
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' Figure SL-4. Fluid density in broken loop hot leg, chordal densit y

(DE-BL-002C) (qualified, invalid dat o between 310 and 360 s,
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Figure SL-5. Fluid density in intact loop cold leg, chordal densit y
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replaced by in t e r po la tion).
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EXPERIMENT L8-2
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Figure SL-7. Fluid density in intact loop hot leg, chordal densit y

(DE-PC-0028) (quallfled Invalid dato between 310 and 360 s,
replaced by in t e r pol a tion).
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! Figure SL-8. Fluid densit y in intact loop hot leg, chordal density

(DE-PC-002C) (quotified, magnitude uncertain, invalid dato
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densit y (DE-PC-0038).
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Figure SL-15. Flow role in high-pressure injection system Pump B discharge
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Figure SL-17. Liquid level in emergency core cooling system Accumulator A

(LE-ECC-01 A).
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(L I T-P120-030).

O
132



EXPERIMENT L8-2
3

{'s -

! ! i 1 i ! I i 6

i L I T-P120-044
\ Uncert =* .020 (m) Z

2.5 Range =0. t o 3.000 (m) Z 3
^ n
E -

O"
2

~

d 6 a
y -

w
w n >
_J 1.5 j

,

ig
4 9, - \

I \
< ___ O

( - ;a

\ -- 2
0.5 4.

_
t-

!
0 0

0 10 0 200 300 400

TIME AFTER RUPTURE (s)
Figure 3L-19. Liquid level in emergency core cooling system Accumulator A

(L I T-P120-044).
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Figur e SL-21. Momentum flux in broken loop cold leg oi bottom of pipe,

high range (ME-BL-001A).
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Figur e SL-22. Momen t um flux in broken loop cold leg at middle of pipe. I

high r ange (ME-BL-0018).
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Figur e SL-23. Momen t um flux in broken loop cold leg of top of pipe,

high range (ME-BL-001C).
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e Figure SL-24. Momentum flux in broken loop cold leg DTT roke at bo t t om

of pipe, low range (ME-BL-0010) (qualified, narrow range
i ns tr umen t).
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Figure SL-25. Momen tum flux in broken loop cold leg DTT roke of middle

of pipe. Iow r onge (ME-BL-001E) (quallfled, norrow ronge
i ns tr umen t).

10 , , , , ,
, , , , , , , , ; ,

: : . : .-
- 6

i ! ! ! ! ! ME-BL-001F
_j Uncert =* .840 (kg/m-s*)

_ p.m
i"g

.

i i'
_,

o
Range =0. t o 2.200 (kg/m-s,)

_ ,
1' '

i I t ! '

qE i . ' ' i ! i ! ii i i !!'
3N -.i- : i : i i it i | i i i i* '

.
- : : ;g

a ! i i

- . .

I

.

l__1 I i O
i i 4 ;

. ! ! .

;
-

' ' ! ! '

2v ' : 1 i i . i

| +I +--f--,_.
v:- --

s I !.
. y. : :

,.
-

g h%! - x
0 DJ 0

j i i i i i i
' i

~

i I i i Ji i i { [ i
~

| I i

L
--

t
'

t '
| <

I :
-

; : :

f i ! ! I I | 6 < 1 2!a i~ I I ',
. i 7 j -2 ai |r ,

|
~ ~7- fi | i $

,

b i i

2 -5 w
o .

; , ,
.

;, , ,,

! . 4 2
2 -.-- ! l_!.

;_ _._._.._4.__.__ ! : :

; d_._- _._ ' ! ! ! ! O
t : , , , , . . : i i i i i I

"
!

! ; i :
I .

u _4_ __; j ,-- ,

-6._ , ___ ._;- q _ .--
,

-10
0 10 0 200 300 400

| TIME AFTER RUPTURE (s)
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Figure SL-27. Momentum flux in intact loop cold leg at horizontal rcke at for

side of pipe as viewed from roke flange (ME-PC-001A).
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o Figure SL-28. Momentum flux in intact loop cold leg at horizontal roke of
center of pipe (ME-PC-0018) (qualified, magnitudes
uncerioin).
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Figure SL-29. Momentum flux in intact loop hot leg DTT roke at bottom of

pipe (ME-PC-002A).
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Figure SL-30. Momentum flux in intact loop hot leg DTT roke at middle of E

| pipe (ME-PC-0028).
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Figure SL-31. Momentum flux in intact loop hot leg DTT roke of top of pipe

(ME-PC-002C).
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| Figure SL-32. Electrical current f or primary coolant Pump 1 (PCP-1-1-RMS)

(qualified. no ot her measurement f or direct compari son).
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Figure SL-33. Pump power for primary coolont Pump 2 (PCP-1-P) (qualified, no

other measur emen t for d ir ec t comparison).

EXPERIMENT L8-2
700 0.7

3 ;_j_g_4_;_4_;_.;_; ,
_,

j ; : 1_ p PCP-1-V-RMS Z
,

i i : i ! Uncert =* 25.00 (V rms) 21 0.6600
! | ! i j j Range =0. t o 600.0 (V rms) _-

'-! l ! ! I i i i 7i^

j _
ij O.5 E

' '
500

. - ,

d 400 j | ,

0.4 $
1 "_4 f i ! !

W | ! !
-'- 0.3

w
k 300

~ '-
| $

'

g (; ; |_ f- y
' 1 ai

! t- ; {
'

h
' ~

| ! '[ 0.2
'

> 200
, 3

!1

M~: i i i
'

I
10 0 _' ! _ ', ._;_a_ p_

0.1{_! 4_ _L. 3 -.

._

; ,

_ _ ..
.

. .._.._7 _ .__
g

-

j

_
. , ,

,

' ' "' O.00
0 10 0 200 300 400

TIME AFTER RUPTURE (s) g
Figure SL-34. Elec trical volt age for primary coolant Pump 1 (PCP-1-V-RMS)

(qualified, no other measu r emen t for d ir ec t comparison).
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Figur e 5L-35. Elec trical curr ent f or primary coolant Pump 2 (PCP-2-i-RMS)

(qualified, no other measurement f or direct compari son).
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Figure SL-36. Pump power f or primary coolant Pump 2 (PCP-2-P) (qualified,

no other measurement f or d ir ec t comparison).
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Figure SL-37. Electrical voltage f or primary coolont Pump 2 (PCP-2-V-RMS)

(quallfled, no o ther measurement f or dir ec t compa ri son).
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Figur e SL-38. Dif f er en tial pressure in broken loop cold leg upstream of nozzle
throat, midplane, and exit, and across nozzle spoolpiece (PdE-BL-015. -016. -017
and -018) (qualified, overronged 0 t o 11 s; -018 anomalous spikes prior to 110 s).
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Figure SL-39. Dif f er ential pressure in intact loop acr oss primary coolant

Pumps 1 and 2 (PdE-PC-001).
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Figur e SL-40. Dif f er en tial pressure in intoct ioop across Pump 2
(PdE- P C-010).
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Figur e SL-41. Dif f er ential pressure in intact loop ocross reactor vessel

(PdT-P139-030) (qualified. Initial conditions only).
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Figure SL-48. Pressure in intact loop pressurizer vapor space of 1.88 m above
bo tt om (PT-P139-05-1).
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Figure SL-49. Pump speed f or primary coolont Pump 1 (RPE-PC-001).
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Figure SL-51. Coolant t emper at ur e in broken loop cold leg (TE-BL-0018)

(quollfled, possible hot wa ll e f f ec t s).
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Figure 5L-52. Coolant t empera t ur e in broken loop hot leg (TE-BL-0028)
(qualified, possible hot wa ll e f f ec t s).
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Figur e SL-53. Coolont t emperature in intact loop cold leg (TE-PC-0018)

(qualified, possible hot wa ll e f f ec t s).
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Figure SL-55. Clodding temperature in reactor vessel of Fuel Assembly 3. Row

B Columns 10, II, and 12 at 0.94, 0.71, 0.81, and 0.66 m above
bo tt om o f f uel r od (TE-3810-037. -3811-028. -032, and -3812-026).
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Figure 5L-56. Coolant temperature in reactor vessel at upper end box and
li qui d level stings above Fuel Assembly 3 (TE-3UP-001, -008,
-010, and -014).
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Figure SL-57. Clodding temperature in reactor vessel at Fuel Assembly 4 Row

H. Columns 13,14. and 15 of 0.94, 0.81, 0.66, and 1.04 m above
bo tt om o f f uel r od (TE-4H13-037. -4H14-032. -4H15-026, and -041).
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Figure SL-58. Clodding temperature in reactor vessel of Fuel Assembly 5,
Row G. Column 6 o f 0.28, 0.76,1.14, and 1.57 m above bo tt om

o f f uel rod (TE-5G6-011. -030, -045, and -062).
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Figure SL-59. Clodding temperature in reactor vessel of Fuel Assembly 5.

Row H. Co lumn 6 a t 0.61, 0.71, 0.81, and 0.94 m above bottom
of f uel rod (TE-5H6-024 -028. -032, and -037).
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Figur e SL-63. Coolont t empe r a t ur e in reactor vessel at upper end box of

Fuel Assembly 5 (TE-5UP-003).
EXPERIMENT L8-2

750 -

, ; , ; , , , , ; ;

9 -

i i i i i i [ l TE-5UP-005
i h2 | fz I | i j Uncert =* 3.000 (K) ',[ 800

1 I ! | I I |
l Range =310.0 t o 980.0 (K)

_

vv

I i l i i i ! i ! 1 ! i i i wi I I
.w

% 4 | t 1 i i ! i iji i i i
E

| ! ! ! ! I ! br >-
44 ! : i i i i i JI 600 $$ ( i I i | I ! # I !

'
550 - -

W ! !Ni I i /! ! ! ! l W
"-*-

i ! I h i Z i i i i j
m

t-
I i i I V} i j .

I I I I g
k ! !__i I ! I ! ! ! . 4! 400
a ! i l i I i ,i I i i i J,

450 oO
.

, , , ; ; ; gg , ,

+ - - ; ; - : ^ OO

i
i i i i ! i !

.

#,UU L ; !___d __J !
I 8' | ' U

'! ! ! .' !_!-

I %g''

I C i i I i i i | | Y 200
350

0 10 0 200 300 400

TIME AFTER RUPTURE (s)
Figure SL-64. Coolont t empe r a t u r e in reactor vessel at upper end box of

,

Fuel Assembly 5 (TE-5UP-005).

O
155



___-- ___ _ _ _ _ _ _ _ - - _ _ _ _ _ - _

EXPERIMENT L8-2
1400

a TE-6G14-011g O TE-6G14-030
- p

v - vO TE-6G14-045
y X T E-6114 --021

-

y

g 1125 Uncert =i 3.000 (K)
- 2

hr Range =420.0 to 1530. (K)g _ < .

Nm wc. 41
}y 5 gVj i

850w ## {- 1000
' "

n
ff -o i ege f - j

- o
z Z6V A( ;

5 #/ / ! ~7 3v

O 575 l!_ - M// f~ i j
.

j o
j

| 2 j q 7--f---. 500 <i ---.e e
.

o + Ul a g |

%
300

0 10 0 200 300 400
TIME AFTER RUPTURE (s)

Figur e SL-65. Clodding t emper ature in reactor vessel at Fuel Assembly 6.
Rows G ond I, Column 14 of 0.28. 0.76,1.14, and 0.53 m obove
bottom of f uel r od (TE-6G14-011 -030 -045, and 6114-021).

O

.

Ap

9
|

156

_ _ - _ _ _ -



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

EXPERIMENT L8-2
1.25 i,i! # ; ; i i | !

DE-BL-125 -

m3Uncert =* .200 (Mg/m ) - "^
m ,,_

E -

I -60
2 O

, . a t. a .> ; - O"

>- Art A B ri j w i n il,J A L AIL si Ils
0.75 [-

y y 3., V U i r.' " ' V m;n f'IL PV CJ' 1 is *
- -

' ''/ 'Y
'

' VI'1 [k .E'
/ N W

Q
- y 3py ry 40 _m

w 91 5 M Z
'o Ti W* '

OO.50 g-

if . |' n $
FNl F 20 <e

b0.25
k

_

0 0
-5 0 5 10 15 20

TIME AFTER RUPTURE (s)
Figur e SC-1. Aver age fluid density in broken loop cold leg (DE-BL-125)

(qualified, invalid dato between 310 and 360 s, replaced by
In t e r po la ti on).

I ~

j |
- 0

t 1 I ! l ! i i i i !
DE-PC-225 A^ 3

m Uncert =i 100 (Mg/m ) - ".,_
E i q

N
f502

v ' ' ^ O0.75 ':

t$l Il f II )! 'b'l>-
t iq r ) C

'

i J..i. m40 -m i

z
5E h,j VM.

'

ay
w Y Lin k

'30 $O 'Yh , d. L, ,, ., g

$ '' fin J k # D ADi 5'
,

g yll [ ry
- egT 11I r

20

0.25
-5 0 5 10 15 20

TIME AFTER RUPTURE (s),

Figure SC-2. Average fluid density in intact loop hot leg (DE-PC-225)
(quallfled, involld dato between 310 and 360 s, replaced by
In t e rpo la tion).

,

157

|



.

-
-

EXPERh4ENT L8-2
250 , i i i i i i , i i i

a FR-BL-CAL -

500
; ; ; ,_ UNCERT =* 10.0 (kg/s) Z

200 ,, 0 FR-BL-BRK -

m
UNCERT =* 16.0 (kg/s) Z- 400' " m^

N _ .
i-

_ _. _ ..__ ..__ Nn .

E
J 150 k D ~mw
v wva i i

_

300 v
- 7;um.du

. . -

3 ''TTM 3,O 10 0 o, , . , , 200_J : a' '

'Q L,
,

D ~ uFw*$n% _ m'

w 50 ~ ,ipfg 10 0 m4
1 1}__

"~
0 ' " -'-

^- -'

0tr r --

-10 0-50
-5 0 5 10 15 20

TIME AFTER RUPTURE (s)
Figure 50-3. Subcooled break mass flow rat e (FR-BL-CAL and FR-BL-BRK)

(FR-BL-CAL qualified io 10.5 s).
EXPERIMENT L8-2

400 ) , , , , , , , , , i

FR-PC-101 E 800
, ,

Uncert =* 35.00 (kg/s)
__

L' ^ ' '

, it 2 . i n

9 300 '
'

'

N F r 1 % t

.

E600CD f L | o
3 i.ni -

ML .nN iL L i 3
i O 200 ' u1,
,

,, O
t _J IML 400 _J' L 4 L

m l% mm \4 f^
m

q <t
2

10 0 A 200
A A Al .,(p- 2

v' 'T To pri e

I
0 O

-5 0 5 10 15 20

| TIME AFTER RUPTURE (s) ,

Figure 5C-4. letoct loop cold leg mass flow rate calculated from
DE-PC-0018 and FE-PC-001 (FR-PC-101).

| O
|

158



EXPERIMENT L8-2
1.25 i i , i i i + i ! 4

.n LEPdT-P139-007 Z
UNCERT =* 0.06 (m) -

''

1 \
\ 3

E x :
" ' *0.75 -

,
~

s
_a \ _Jw '

2 W> N >W s w
_J 0.50 3 _a

x
0

, -
N O

3
3

-

D x D
0 0.25
-

x o
.s

J N
_

_J
'N

-- 0O ---

-0.25
-5 0 5 10 15 20

TIME AFTER RUPTURE (s)
Figure SC-5. Liquid level in pressurizer -(LEPdT-P139-007) (qualified to

50 s).
EXPERIMENT L8-2

C.4 ! 5 1
5

1 i ,
_ 5

"~ ~"-s LTD-P004-008A Z 1.0
Uncert =* .080 (m) r

0.2
'

.

^ x 0.5 n
E -- x -
v '- v

d 0.0
_N >

'

0.0 d>
w s y

J
_.

x _a
x - 0.5

I C < o- - 0.2 x
D N

_.

D
b

-' - 1.0 9'

J x J
'

-0.4 ~

- 1.5~

,
_

_

l
''-0.6 -

-5 0 5 10 15 20
TIME AFTER RUPTURE (s)

' Figure 5C-6. Density corrected IIquid level in steam generator
(LTD-P004-008A) (quellfled, magnitudes uncertoln).

O
159

s'- --
- "x" -; -=_ p i e; n -> '

' . ,9 O.. . eM
.

'

v. , e x _ . &% * _ . ' .'~ . '- , .[. I '.' . '*7N'
'

. . . - .

_
. . , , .

' ' * ' ' ' __
'

; _~ - -- .- -

Ii . 3 : > -~[-[.k ,
.

<b,' '
" *



EXPERIMENT L8-2
20 , ; , , , , , , ,gg. mi m,

' ' '

T ~' SC-5UP-102 --

Uncert =* 6.000 (K) -

30
^m

M 15 &^-
v v

0 0
b 20 b .

_J io _

OO
O O
O O
cn cn
D 30 3
W 5 m .

9 9
3 ZZZZZQ@iiiyss@H4WiliiM$NEhWW 3

;

L 0 0 Lj

f ._

-5
-5 0 5 10 15 20

TIME AFTER RUPTURE (s)
Figure SC-7. Fluid subcooling in reactor vessel upper plenum

(SC-5UP-102).
EXPERIMENT L8-2

620
I.

, , , , , , , , , ; , ,
' ' ~

650a .i A ST-BL-101a-

-- Uncerf =* 1.390 (K) --

O TE-8L-0018
" * * ' ' * * *

m
- C600

U

{^\ g
L

g 600
a 2

Q 580 l'% Q\m m
E E<

2 \ 2w h w
*

560 % 550
% n - Le

n _
,-

.- m__ ^- -O# ' '
-

' '

_

540
-5 0 5 10 15 20

TIME AFTER RUPTURE (s)
"

Figure SC-8. Saturation temperature from PE-BL-001 overlayed with broken
loop cold leg temperature (ST-GL-101 and TE-EL-0018)
(quallfred, possible hot wall e f f ect s TE-BL-0018 only).

O
160



!

i

|

EXPERIMENT L8-2
625

f's , , , , , , , , , , ;

\ A ST-1UP-111 -

; ; Uncert =* 1.390 (K) _
,,

O TE-1UP-001
_ 640

Uncert =* 3.000 (K) ^
L

U600 620,

N N
L 600

,, r r 1 3,n

5 1 5
^

$ -575 'W t W
L 560

h
.

,| N 540
~

,-vn,,,,

550
-5 0 5 10 15 20

TIME AFTER RUPTURE (s)
Figur e SC-9. Satur ation temperature calculated from PE-1UP-001A overlayed

with coolont temperature in reactor vessel at upper end box
of Fuel Assembly 1 (ST-1UP-111 and TE-1UP-001).

1.5
; , , , , , , , ,

I | OE-BL-125
l I Uncert =* .200 (ug/m )

_ {8 80' ^
m

: E I .i i i i i i-
-

Ni x i ;
--

60cn 1 ------ E.

2 ______ __ g
I I I I I I I I>

C - P I I I I I I I 40 [
I I ! I I I I

z 0.5 G
I I I I I I I zw

o I I I I I I I 20 "

I l- 1 I I I I
' -'

w

h 0O j|
"

% | | | | | | |

I I I I I I I N.

| | | | 1 I I I
-20

I-0.5
| 0 10 0 200 300 400
'

TIME AFTER RUPTURE (s)
*

i Figure SC-10. Average fluid density in broken loop cold leg (DE-BL-125)
' (qualified, invalid data between 310 and 360 s, replaced by

In t e r pola tion).

, G

161

I



_ _ _

l

EXPERIMENT L8-2
1.50

g 3 g 3 3 3 i

DE-PC-225
(C - Uncert =* .100 @g/m ) 803

1.25
E . -

N, | | | | N
eo i > i i

' ' ' 'd 1
_______ __.---- 60 S

-rzzzzzzzzzzz v
3

[[ 0.75 ------------

$ El I !! f| 40 -

m
w r' ' ' ' zo 0.50 [' | | |t w

I I I I I O *

LJ iI I I I=_

o u o i i i __g 20 w
' '' ' ' '4 0'25 O

N 1 ,5 | | | 4
w t =i i i

0 [ U NO N N ~

0

| | |
! I i
' ' '-0.25

O 10 0 200 300 400
TIME AFTER RUPTURE (s)

Figure SC-11. Average fluid density in intact loop hot leg (DE-PC-225)
(quallfled, involld data between 310 and 360 s, replaced by
In t e rpol a tion).

.5, , ; , , , , , , , ,

j | | | | LEPdE-SV-161 -

7,

| | ; ; [ ] Uncert =* .050 (m) -

I I I ! I I2
I i l i i I

[ t i I i | I O
I i 6

E I I I I Iw 1.75 _;
E i i i I i = w

5 O1.50

O E'1 I I I I I 3
- E' f I I I I i O
J E I I I I I ]

E ! I I I I1.25 I i i i i i 4
I I I I I I ,

I I I I I I

I I I I I i
I I ! I I !

y

O 10 0 200 300 400

TIME AFTER RUPTURE (s) ,

Figure SC-12. Liquid level in blowdown suppression tank calculated from
TE-SV-006. -012 and pdc-SV-001 (LEPdE-SV-161) (quallfled,
anomalous spikes of opproximately 500 s).

O
162

_ _ _ _ _ _ _ _ _ _ _ - - _ - - - _ _ _ _ _ _ _ _ - _ _ _



EXPERIMENT L8-2
N 2.25 , , , , , , , , , , , , ,

j | | | | | | LEPdE-SV-261 -

7
g , , , , ; , Uncert =* .050 (m) -

I I I I I I 1,

2 I I I I I I I Ij I I I I I I I I O
I I I I I I I I *

v
4 I I I I I I I -6 v

-

1 I I aI, I,
J E I I
w 1.75 g i, , j gg i ,

' '

I kN Z

b 1.50 -- --- -- 5 O=

bo El i i I i I I I I O
- E' I i ! I I I I -

-8 E I I -l I i i 1 a
I I I I

I,
E I I

1.25 , , , , 4g , ,

I I I I I I I I

I I I I i l i I

,| | | | | | | |
2

0 10 0 200 300 400

TIME AFTER RUPTURE (s)
Figure 5C-13. Liquid level in blowdown suppression tenk calculated from

TE-SV-006. -012 and PdE-SV-002 (LEPdE -SV-261).
EXPERIMENT L8-2

SC-5UP-102 -

% Uncert =* 6.000 (K) -

200 {! 2 100 d!
vv j

0 F O
: 2 Af Z

#
0 0g

O \ O
O N O
CD N CD

3D g
(A -10 0 \ -200
O T Q
- \r -

D '

m
N D

-200 /
-400

a

_

-300
0 10 0 200 300 400

TIME AFTER RUPTURE (s)
,

Figure SC-14. Fluid subcooling in reactor vessel upper plenum
(SC-5UP-102).

T
J

163

- - _ _ _ _ _ _



; r-15 f-04l and -002
.........e

47b.*4 4313p((CCCCCCC(CCCCCCC00 CCry x FIWIN 3 p a a s s))R D)s a n n s p s pa ss
446.Ct *aKR*pICCC(((C(CC(((CCCC000CCC00 cerRNINNWFNDIpasts#3NNDRs333333)
417.te *3RDp)CLCC(CCCCCC0(CC00C000CCC000C000000000C 00Nv N u s N NIs a p p s als a a s s ) p s Is n s u m N

n 3 36.t 2 *)Rp)))pC((C(C(C(C((ARIRXXRRRIRRRIAINRREXINNOCCCCC0000 COINNNNuNusnappa> Rap)sspas)))pps
3326. 0 * pass)*>>D)((((CCC(CCCCC000CCC000000000000CCC0)p000000CCO CcxxNIENIIAy3))RasF)33)pp#)RIN33

ONNNasNNnIXN33ppsBK3RsanInnNsIp55
ZC 2 *5xM5)ManntCCC(CC 00XNNN3NN#WBRNp)I3XR333337)p553FR.

4 *RXRyDana)D33*(CCC(CC00C000CCd 17 *pk>>psan*DDRC()RCauRx1xXARDRAXNNXRXXXXXMMINXIIXXXXXXI)3tXRIENCNNXINN00000000CCCCCCC C00XIRR3NIpKNAkB) PAN 35AnR$3RD253NR3.

u 8 .3G
e R R E N > > 3 3 7) p p R)3 E R R R R R R R E IX 3 R)t R X R R R R A R IE N I N N N DIN 3 X X X 5 3 pID Ik > R P N X X X N f 3000 t N a n p 3 3 R R R p 5 3 )IN W R E R R E X W NN A))) p 3 D 3 3 3 3 3 3 3 3 2 N 3 2 X13j 72.1% *))D))33)F))))p333333RREXX135)RNRRENRAARMXXXIIINRMXARIRRRRIERRWINXXXXRENRMNINRXNNNINNEBN3FINNNNR9fE3pp))RBARA3NppIN#3>3336).98 *3x3))ssRp)R33)*DR)*RxxAXaxpanxxxxxXIIIIIRXXWIPXtRNIX3))XN3NIXBNIANNNINNXXXIN33X5p575373NNNIENIXBN#N33333333333N33>)BDERN3s.10
e e .N .2 5 5 3 3.) .) ) .p ) ) p ) R.R .) .p 5 N .I I A R M N.R R.I X X.N R I R R E R R R E N I N 3 X I N N. .E.R R .) .3.X N .R E I R I E N X W u y X M N W R I E R.X.X .R B A.X .X .3.E .X .X X I N N R .I N F I I E R .) .) .) .) .p ) P .J .) .) 3. .) .3 3 3.) .D ) 3 3 321.34 *R

e ..... e. ..... . .. ......e......... . . .e_.............. . e . ..e.. ...... .. .. e

.C(2 32.1%E et.198 1(C.19s 134.19e 168.198 2CF.19e 236.198 27C.198 304.198 31P.lse 372.19e 4Ct.198

TIME (a)

Figure SC-15. Liquid les el in reactor s essel Dow neomer Stalk 1. bubble plot (LE-IST-001 and -002).

11- W 10
.......--e

305.10 *NC(CCCCCCCCCCl OtCC00CCCCCCC0C0CCCC00000000CCC C00 00NDINNNussa))saspasapIzasNsI53
295.30 *DIDCCCCC(tCCC C(Caxx3ARRaks IER00Cuo000 COIXexNvXsaSp)Xss33)))pasappans

_ 2e5.3C *BIp>(CCCC (CC N333XXXXXX)kNR00CCCC0900CCC CCIVNIENNED33DR) ERR)RapIB737333
a230.{0 *)d*ptCC(t CtC CCCCCCCORANRERXRCOCC000000CCCCO ORXzXXIII):Rassasskapspappppppym

L v220.5C *NEBR((CC( ((C C(CC003AXXRRRXXXXRQC0000CC00CC0 ONIRIENEMAp53)NPRDR33))))))p)33
~ 217.(C * In s )) R B(C((CC C CRCCCN8CARND)33XXERRRRIENNIERNC0CCXXRCCt00 CCe NNNunnuszRansXsansspassRappsII

0 INNNINNIN33))333333333NN33333)C *Xtsskan>C((C(C)s33*)AunXXxxaspx3RxnRRusRENNNIBC00000F , t "i t
4; 9 .

*px33)(CCC CSC(CCCCCCCIRRRupanRXXIXXRutXN000CC(CC00 0 INNNNIKIN3533XII533355ENDB)33)
d T 90 *EX))))37))333)R5RNREXXXXNEN4XXXXRMXXRAMXNINIlpv30000 ONNENIXNIX53k)RINNARNR)pR3333RRR

48.30 *I A B)) DCCCCCCCCIR AIRI AN RIE R N E RR E X XX R RRIXIIIX X N DR EXI XIRR ROCO CONNxFNNINNN)pDB2)p33)))333)P5555"
&48.t0 *BApl333p) pan 3)RDI))>Rpp2XERRRRIXXXXXXXXXXXNIX3XXXXXXX33XXX000suutIzItXNNavssIIRXX00 CONya InxNxspassIIIss) pas 33>RRRRm

* R A N R ) R R R .a ).) .R.3.: .5.X.X ) 3 3.R.R.R R.R.R ) R.R.N.X.X.W.N A A.R R I.X X .X X .X .N .p X N N.I I X.M 3.p K.N.X.X .R.E N.N I N I I N I .N X .X X .I A .X .&.B .I .N .E .X .X X I n.0 0_0 t z t y N.s x .W.N a p p ) ) s .s.a .s.s .a n .s s a .p p a .s.a .z z138.10
e........ ... . .. .. .. .. ... .. . . . ...... .. . ... e.... . .e.... e .. .. e

.0C2 32.196 te.198 1CC.198 134.198 168.198 2C2.19e 236 19P 270.196 304.198 33e.1%t 372 15e 4(t.149
TIME (s)

Figure SC-16. Liquid levelin reactor vessel core in Fuel Assembly 3, bubble plot (LE-3F10).

..- E P-001IE
.......e

Q92t.%Q *353SCCC(CtCCCCCt(tt(CCCo$Co.tu *20CCp((C((((CCCCCCCC00 C0ex ,,,5)NDR,,333),,,,,,,,
* 447 tC *IXCCC(CCCC(CCC (((CCCC CONININN3))))Rp33Rpt13337))333
a 427.30 *ICC(tCCCC(CCCC CC(0 00NIRWNIX33)3E)ARR33)*R)p3p3))

Pj 4 ( ) . C C * N I C .C .( .( _C C .C ( C. C. C .C . . . ( C. C O . .. . . . .. e ....... e . . .. . .. .. .. . . .. . . . e . . _.. .. . . o . ... . . . . . . . . .. .... e .C.I N I I N I N NN##.p*NB)ppDN)B338333)
L es.. _ e . . e- .......e......... .........e
" .0C2 32.198 te.198 1C0.198 134.198 169.198 202.198 236.198 270.198 3C4.199 336 19E 372.198 4Ct.lse

TIME (a),

Figure SC-17. Liquid levelin reactor vessel upper plenum above Fuel Assembly 3, bubble plot (LE-3UP-001).

e e e. . ..



EXPERIMENT L8-2
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Figure SU-1. Fluid densit y in broken loop cold leg. chordal dens it y
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2 ; , , , , ,

' DE-PC-0018 --

3
Uncert =* 130 (Mg/m ) 3

-

m
Range =0. t o 1.000 (Mg/m ) - 10 0 m_

m

"E 15 - -
i \N |

m i E
e3 1. - . .

;
- -.-: -,

.-.h73 * 50
i mz r-

Z
$ 0.5 y. ,

O
6 m9.

'
- ^: entw- -::, =: _ .2 = _ -

^--

O 0 _3La- t _
i,

_ L
La.- - -- - _.- -_. - _ __ -,..

__
,

.

- 0.5
0 100 200 300 400

TIME AFTER RUPTURE (s)
,
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EXPERIMENT L8-2
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comparison)
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Figure 5U-4. Coolant temperature in intact loop hot leg (TE-PC-0028) *

(quallfled, possible hot wa ll e f f ec t s).

O
166

|

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



:

EXPERIMENT L8-2
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APPENDIX A
/^> SYSTEM CONFIGURATION
\ )

.

The Loss-of-Fluid Test (LOFT) facility has been theoretical density. The fuel pellet diameter and
designed to simulate the major components and length are 9.29 and 15.24 mm, respectively. Both
system responses of a commercial pressurized ends of the pellets are dished with thc total dish
water reactor (PWR) during a loss-of-coolant volume equal to 2% of the pellet volume. The
accident. The experimental assembly includes five cladding material is zircaloy-4. The cladding*

major subsystems which have been instrumented inside and outside diameters are 9.48 and
such that system variables can be raeasured and 10.72 mm, respectively.
recorded during a loss-of-coolant experiment. The
subsystems include: (a) the reactor vessel, (b) the The intact loop simulates three loops of a com.
intact loop,(c) the broken loop,(d) the blowdown mercial, four-loop PWR and contains a steam*

suppression system, and (e) the emergency core generator, two primary coolant pumps in parallel,
cooling system (ECCS). The LOFT major com- a pressurizer, a venturi flowmeter, and connecting
ponents are shown in Figure A-1. piping.

The broken loop consists of a hot leg and a cold
The LOFT reactor vessel has an annular down- leg that are connected to the reactor vessel and the

comer, a lower plenum, lower core support plates, blowdown suppression tank header. Each leg con-
a nuclear core, and an upper plenum. The down- sists of a break plane orifice, a quick-opening
comer is connected to the cold legs cf the intact blowdown valve, a recirculation line, an isolation
and broken loops and contains two instrument valve, and connecting piping. The recirculation
stalks. The upper plenum is connected to the hot lines establish a small flow from the broken loop

,

legs of the intact and broken loops. The core con- to the intact loop and are used to warm up the
tains 1300 unpressurized nuclear fuel rods broken loop. The broken loop hot leg also con-
arranged in five square (15 x 15 assemblies) and tains a simulated steam generator and a simulated7

[ j four triangular (corner) fuel modules, shown in pump. For Experiments L5-1 and L8-2, the steam
i_~ Figure A-2 and described m Reference A-1. The generator and pump simulator were not attached

center assembly is highly mstrumented. Two of to the broken loop, but were replaced by a blind
the corner and one of the square assemblies are flange,
not instrumented. The fuel rods have an active
length of 1.67 m and an outside diameter of The LOFT ECCS simulates the ECCS of a
10.72 mm. commercial PWR. It consists of two accumulators,

a high-pressure injection system, and a low-
The fuel consists of UO sintered pellets with an pressure injection system. Each system is arranged2

average enrichment of 4.0 wt% fissile uranium to inject scaled flow rates of emergency core
(235U) and with a density that is 93% of coolant directly into the primary coolant system.

.
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APPENDIX B
rn MEASUREMENTS AND INSTRUMENTATION
i !
Lj'

The Loss-of-Fluid Test (LOFT) instrumentation tors as shown in Figure B-1. Each of the
system is designed to measure and record the three detectors sees a collimated gamma
important parameters and events that occur dur- ray beam, emitted from a single source,
ing an experiment. The types of instruments used that has passed through the pipe. Each of
are summarized below: these densitometers also has a detector (D)-

located so that it measures background
1. Temperatures at all major locations in the radiation continuously. The attenuat;on of

system are obtained from thermocouples the gamma rays varies inversely with the
and resistance temperature detectors. density of the Huid in the pipe. The DE-

PC-3 densitometer is located in vertical*

2. Pressure measurements are obtained with piping; the rest of the densitometers are
strain gauge transducers with pressure located in horizontal piping. Figure B-1
transmission lines connecting the shows the gamma densitometer configura-
transducers to the measurement points. tion relative to the piping.

3. Differential pressures are measured by 7. Liquid levels are obtained by means of
strain gauge transducers with double (a) differential pressure transducers in the
chambers. The transducers are externally pressurizer, accumulator, steam generator
located and connected to the measurement secondary side, pump suction piping, and
points with pressure transmission lines. reactor vessel upper plenum; and (b) liquid

detectors which sense the conductivity of
4. Flow velocity is measured by turbine the fluid near each of a series of electrical

flowmeters. contacts in the reactor vessel.

p) 5. h1omentum flux is measured by drag discs. 8. Control rod position is indicated by means>

Y/ The data presented for fluid velocity and of proximity switches. The circuitry
momentum flux are based on the following associated with the proximity switches con-
flow areas at the instrument locations: trols a set of lamps. Each set of lamps con-

sists of a " rod bottom" lamp and four
" rod location" lamps. The rod bottom

Flow Area lamp lights only when the control rod is
2Instrument (m ) bottomed. Each rod location lamp lights as

the leadscrew on the control rod passes its

h1E-2ST-1 0.141 switch position during withdrawal, and it
remains lit whenever the leadscrew is above

FE-5UP-1 0.125 this position.
h1E-3UP-1 and h1E-5UP-1

9. Valve positions (analog indication from 0
FE-PC-2A, -2B, and -2C 0.0634 to 100% of opening) are measured by
h1E-PC-2A, -2B, and -2C either resistance potentiometers or dif-

,

ferential transformers.
h1E-BL-1 A, -lB, -lC, -ID, 0.0634
-lE, and -IF 10. hiechanical pump speed is measured by an
h1E-PC-1 A, -1B, and -IC eddy current displacement transducer that
FE-PC-1 A, -1B, and -IC uses a slotted metallic target attached to the*

top of the pump motor shaft. The target
contains six asymmetrical slots so that

6. Fluid density is measured by gamma den- pump speed can be determined. Electrical
sitometers. All the gamma densitometers pump power is measured by a watt

O/ consist of a 60Co source and three detec- transducer.
I \ h
. v
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LOFT piping
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#N 'B' Detector

'D' Detector g g .B' Beam
'A' Detector .

| Q 'A' Beam

INEL-L5-1/L8-2-2502

Figure B-1. Relation of source and detectors to pipe for gamma densitometers.

11. The steady state local linear heat genera- recorders.B-1 Redundant records are made where
tion rate is measured by self-powered use dictates more than one recording mode or
neutron detectors and is also determined where an extra measure of assurance is desired for
from neutron flux measurements taken critical measurements.
with traversing in-core probes. The two
types of instruments are described below: A digital computer is used to collect the experi-

ment data in a multiplexed format at the LOFT

a. Each self-powered neutron detector facility and to perform equipment calibrations,
consists of a cylindrical 59Co emitter, a posttest data reduction, and plotting.B-2 The
layer of aluminum oxide for electrical recorded FM data are converted into digital form,

insulation, and an outer sheath of and then demultipkxed to be compatible with the

inconel. The cable connected to the CDC CYBER 176 computer system.

detector consists of two Inconel wires The CDC CYBER 176 computer system is used
in an Inconel sheath with magnesium to further reduce the data. Calibration factors are
oxide insulation. One of the wires is f rst applied to produce data plots in engineering
connected to the cobalt emitter and the units so that engineering specialists can examine
other is open-ended. The open-ended each channel for discrepancies or unexpected
wire gives a background subtraction events. Where possible, instrument channel out-
signal to compensate for the radiation puts and computed variables are compared with
sensitivity of the cable. previous experiments, corresponding parameter

channels, and calculated quantities. Instruments
b. A traversing in-core probe measures are labeled as " Qualified" if the measurement

neutron flux at four guide tube loca- comparisons are determined to be within the
tions in the core. This instrument accuracy of the particular instrument. -

consists of a 235U fission chamber
attached to a flexible cable and its own Most transducers were calibrated under labora-
data recording system. The probe was tory conditions prior to installation in the LOFT
withdrawn and stored outside the core system. Verification of calibration constants is
prior to experiment initiation. accomplished by special tests performed during .

heatup and by analysis of initial conditions data.
The data acquisition and visual display system is In addition, post-experiment checks are per-

used to record measured data from the various formed to pinpoint questionable data and to
instrumentation systems on a combination of verify data consistency. Appendix C discusses the
digital recorders, wide-band frequency modula- techniques used to perform data consistency
tion (FM) tape recorders, and oscillographic checks.
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i-

Figure B-2 shows a piping schematic indicating Figures B-3 and B-4 show isometric views of the
instrument locations. Table B-1 gives the major system components with instrument loca-j
nomenclature for LOFT experimental and process tions indicated. Figures B-5 through 1117 ghe
instrumentation. Both types of instrumentation more specific locations for imtiumenh located on
are included in this report. Thermocouples and individual components. Reference B-3 may be~

neutron flux detectors located in the nuclear core consulted if additionai details of instrument
have special identification. Each of these design and locations are desired.
transducers has been given an identification

*
number which identifies the type of transducer Table B 2 lists instruments that were available
and its location within the core as follows: to be used for LOFT Experiments LS-1 and L8-2.

Included are the instrument location, range,
Transducer location (inches from bottom recording frequency, initial condition uncertainty,
of fuel rod) and uncertainty at specific readings. The "Com.,

Fuel assembly row ments" column contains information relative to
Fuel assembly column the usability of the data. No entry under the
Fuel assembly number " Comments" column means that the instrument
Transducer type | was recorded, but the data were not reviewed or

'
~
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TABLE B-1. NOMENCLATURE FOR LOFT INSTRUMENTATION

r~s
[ } Designations for the Different Types of Experimental Instruments
\ /

~ ~ ~

AE Accelerometer
DE Densitometer
DIE Displacement element
FE Coolant flow element
LE Coolant level element.

ME Mcmentum flux detector
NE Neutton detector
PCP Primary coolant pump
PdE Differential pressure element
PE Pressure element.

RPE Pump speed element
TE Temperature 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

-~s SV Suppression tank

[D}
UP Upper plenum

Designations for the Different Types of Process Instruments

CV Control valve
FE Flow element
FT Flow transmitter
LIT Level indicating transmitter

LD Density compensated liquid level element
LT Liquid level transmitter

PdT Dif ferential pressure transmitter
PT Absolute pressure transmitter
RE Radiation element
TE Temperature element
TT Temperature transmitter

* Designations for the Different Systems Associated with Process Instrumentsi

|

P004 Secondary coolant system
P120 Emergency core cooling system
P128 Primary coolant addition and control system and

,

high pressure injection system
P138 Broken loop and pressure suppression system
P139 Intact loop
P141 Primary component cooling system

''

/ 'N T-77,T-87 Power range

\v)
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Figure B-3. LOFT thermal-hydraulic instrumentation for intact loop.

' . .,



r *-
s

I

.

Isolation valves

PdE-BL-14 7- Quick opening valvesteam
PdE-BL 15,16,17,18 generator / CV P1381 (linear

simulator / variable differentialPe-BL-9,10,11
(on broken loop cold leg) / transformer)

PT P138111
PdE BL 2

PT P138 23

SQ / *

T Header1 g Quick opening valve
r

" CV P13815 (linear

\ variable differential
transformer)

DE BL-1 A,B,C 4,-S Valve openingv .PE BL-1 PT-P138112
TE-BL-1B %

Blind flange'ME BL 1 A,B,C, y ,

-

\ To~'
O D,E,F ,,,

T
suppression'

- -

'- N tank
^

PdE BL 9

PdE BL 5 Pump

-PE BL 6 simulator

DE BL 2A.B,C-

PE-BL 2
TE BL 2B

Rer
INEL L5-1/L8-2-4002vessel

1

Figure B-4. LOFT thermal-hydraulic instrumentation for broken loop.
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Figure B-5. LOFT broken loop cold leg spoolpiece instrumentation.
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* Station numbers are a dimensionless measure of
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
ledge inside the reactor vessel flange.

Low PdE High Intact loop High PdE- Low Intact loop
RV- cold leg RV- hot leg
3 4

.

PE- PE. PE- Low PdE High
1ST- 1ST. 1U P- 2ST-

i 1A 1B 1A 4
i

i PE- P E- Low PdE High
PE-I ST- 10 P- 2ST-1 2ST-i . 3A 1A1
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|

P E- Low PdE High Low PdE HighIntact loop
RV-2 2ST-3 PE--

hot leg RV 5 B 2ST -
1B

| * Station 300.0 -

1
- - - - - - - - - - -r-

I l.

', lStation 277.0 -
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l |
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I

l I
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l
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I l - _ _ - _ _ .
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1 I
I I

I I

I I
I I
I

I
I

I
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I
1
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Station 116.75 - ,-- - -- _ _ _ _ - _ _ _ ;I
I

L________J
<

Station 93.5 -

INEL-L51/L846001

Figure B 8. LOIT reactor s essel pressure and differential pressure instrumentation.
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Assembly Assembly Assembly Assembly Assembly Assembly
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* Station numbers are a dimensionless measure of
relative elevation within the reactor vessel They INEL-L5-1/L8 2 6500
are assigned in increments of 25.4 mm with
station 300 00 defined at the core barrel support
ledge inside the reactor vessel flange.

Figure B-9. LOFT reactor vessel upper plenum DTT, LE, and TE elevations-
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* LPIS injection pump discharge pressure
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0-24 Accumulator tank
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.
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TABLE B-2. (continued) j
t

i

!

Af ter Experiment initiation ["

* " " ' ' " *
S t nd Measurement Uncertainty

#
Detector Lncation Range Frequency" (t) Reading (t) Crwanent s

CHORDAL DENSITY
,

I(continued)
.

$

Broken Loop
'

Teontinued) !

{
i

l 3 0.18 Mg/m3 Qualified, some large ;' DE-BL-001C Broken loop cold leg at 0 to 1.0 Mg/m3 10 Hz 0.18 Mg/m -

DTT flange. Beam C is data processing spikes
22' 7 min from Beam B (L5-1).
(CCW looking toward RV). Qualified, invalid data

;

between 310 and 360 e
replaced by interpolation

"
i

(L8-2).

DE-BL-002A Broken loop hot leg at 0 to 1.0 Mg/m3 10 Ha 0.11 Mg/m3 -- 0.11 Mg/m3 Failed (L5-1).
I DTT flange. Beam A Qualified, invalid data *

'

j g is 14' 21 min from between 310 and 360 s
! @ Beam B (CCW looking replaced by interpolation [

! toward RV). (L8-2). ;

i 3 3
I DE-BL-002B Broken loop hot leg at 0 to 1.0 Mg/m3 10 Hz 0.099 Mg/m -- 0.099 Mg/m Qualified (L5-1).
| DTT flange. Beam B Qualified, invalid data i

|
through centerline of between 310 and 360 s j

pipe 45* from vertical replaced by interpolation ~

- (CW looking toward RV). (L8-2). .

t
,

DE-BL-002C Broken loop hot leg at 0 to 1.0 Mg/m3 10 Hz 0.18 Mg/m3 - 0.18 Mg/m3 Qualified (L5-1). ,

j DTT flange. Beam C is Qualified, invalid data g

22' 7 min from Beam B between 310 and 360 s ;

| f
' (CW looking toward RV). replaced by interpolation

(L8-2).
'

s

Intact Loop i

l

3 10 Ha 0.11 Mg/m3 -- 0.11 Mg/m3 Qualified (L5-1). !DE-PC-001A Intact loop cold leg at 0 to 1.0 Mg/m
DTT flange. Beam A is Tailed (L8-2). ,

,

i, 14' 21 min from Beam B [
- (CW looking away from |

4 RV). i
i<

3 3 3 Qualified (L5-1).DE-PC-0015 Intact loop cold leg at 0 to 1.0 Mg/m 10 Ha 0.13 Mg/m -- 0.13 Mg/m
j DTT flange. Beam B Qualified, invalid data i

'
) through centerline of between 310 and 360 e
,

pipe 45* f rom vertical replaced by interpolation
4 (CCW looking away from (L8-2).

RV).s

1
4

. |
! :

i I
- . - . - . - . - - - - - . - - . - . . . . - - - _ - - - - - . - - - - - -- - - - - . - - - - - -- -_ .

-
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TABLE B-2. (continued)
,

Initial A f t e r E x pe risie n t initiation
Conditionvariable,

I'C f "8 "'''''*" YSystem, and Measurement Uncertainty
Detector Location Range Frequency' (t) Reading (t) Comments'

CHORDAL DENSITY
(continued)

Intact Loop

( c ont i nued )

3DE-PC-001C Intact loop cold leg 0 to 1.0 Mg/m 10 Ha 0.18 Mg/m3 -- 0.18 Mg/m3 Qualified (L5-1).
at D1T flange. Beam C Failed (L8-2).
is 22' 7 min from
Beam B (CCW looking
away from RV).

DE-PC-002A Intact loop hot leg at 0 to 1.0 Mg/m3 10 Ha 0.11 Mg/m3 -- 0.13 Mg/m3 Failed (L5-1).
DTT flange. Beam A Qustified, invalid data
is le* 21 min from between 310 and 360 s
Beam B (CW looking replaced by interpolation
away from RV). (L8-2).g

3DE-PC-0028 Intact loop hot leg at 0 to 1.0 Mg/m 10 Ha 0.13 Mg/m3 -- 0.13 Mg/m3 Qualified (L5-1).
DTT flange. Beam B Qualified. invaiid data
through centerline of between 310 and 360 s
pipe 45* from vertical replaced by interpolation
(CCW looking .way from (L8-2).
RV).

3DE-PC-002C Intact loop hot leg at 0 to 1.0 Mg/m 10 Ha 0.18 Mg/m3 -- 0.18 Mg/m3 Qualified (L5-1).
DTT f lange. Beam C Qualified, magnitude
is 22' 7 min from uncertaint invalid data
Beam B (CCW looking between 310 and 360 s

'

away from RV). replaced by interpolation
(L8-2).

D E-P C-003 B Intact loop below steam 0 to 1.0 Mg/m3 10 Ha 0.13 Mg/m3 -- 0.13 Mg/m Qualified.3

generator (SC) at DtT
flange. Beam B is
through centerline of I

pipe 45' from vertical.

,

j
.

O O O- -
. a

.- .. - - - - . . .. - - _. -
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i
* .a ,

I

t

i

! !
,

L

TABIJE B-2. (continued) [

i

|

I" E * After Emperiment Initiation
. Condition

#C T "8 "C''t* "Y Uncertainty
, Sy tem and Measurement

Detector 1.ocation Range Frequency * (t) Raading (t) Comments"
|

| FUEL ASSEMBLY i

DISPLACEMENT I

Assembly 5

DIE-5UP-001 At top center of Fuel 112.7 mm 10 Ha 0.3 mm 0 mm 0.3 mmf Not reviewed.
Assembly 5. 6.35 mm 0.33 mm

12.7 mm 0.39 mm ,

!
,

DIE-5tP-002 At top center of Fuel t12.7 mm 10 Hz 0.3 mm 0 mm 0.3 mm Not reviewed.
Assembly 5. 6.35 mm 0.33 mm |

12.7 mm 0.39 mm
|

t
'FLUID VELOCITY

j Intact Loop

i bJ
i CD yg-PC-001A Cold leg horizontal DTT 0.6 to 15 m/s 10 Hz 0.35 m/s ) Qualified. I

1 flange on far side of
' pipe as viewed from

]
rake flange.

1 15 m/s 1.5 m/s8
'

j FE-PC-001 B Cold les horizontal DTT 0.6 to 15 m/s 10 Ha 0.34 m/s IC m/s 1.2 m/s Qualified.
'

flange at center b 5 m/s 0.9 m/s
q of pipe. | 1 m/s 0.6 m/s
I
d FE-PC-001C Cold leg horizontal DTT 0.6 to 15 m/s 10 Hz 0.33 m/s * Qualified.
) flange on near side ,

of pipe as viewed f rom t

/ '

'j rake flange.
,

I

| FE-PC-002A Hot leg DTT flange 0.6 to 15 m/s 10 Ha 0.36 m/s i Qualified.
'

,

at bottom of pipe. f
f { 15 m/s 1.5 m/s
i FE-PC-002B Hot les DTT flange 0.6 to 15 m/s 10 Ha 0.35 m/s y 10 m/s 1.2 m/s Qualified. !

,

{ at middle of oipe.
{

5 m/s 0.9 m/s
1 m/s 0.6 m/s *

. FE-PC-002 C Hot leg DTT flange 0.6 to 15 m/s 10 Hz 0.35 m/a I Qualified.
# '

j at top of pipe.

| I
< )

id

i
i i

i
!

l
!

'

I L

e

l

|

!i. _. .- . - . . . - - _ _ .. .-. - _ . _ _ - - _ _-_ _ _ _ _ - _
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TABLE B-2. (continued)

Initial
After Fxperiment Initiation

. Condition
'#** "8 U"#''E*I"IYSy and Measurement Uncertainty

thrector toc a t i_on Range Frequency" (t) Reading ( +) Comments *

FLUID VELOCITY
(continued)

Reac*or Vessel

FE-5UP-001 Above upper end box of 0.5 to 10.0 m/s 10 Ha 0.06 m/s I m/s 0.06 m/s Hot reviewed.
Fuel Assembly 5. 5 m/s 0.28 m/s

10 m/s 0.56 m/s

FLOW RATE

Blnwdown Sup-
pression Tank
Spray System

FE-P138-138 Blowdown suppression 0 to 6 L/s 10 Ha -- 0 L/s 0.06 L/s Not reviewed.
tank (BST) spray flow 4 L/s 0.23 L/sg

o rate in the 3.79-L/s 6 L/s 0.35 L/s
header.

FE-P138-139 BST spray flow rate o to 25 t/s 10 H -- 0 L/s 0.25 L/s Not reviewed.
from pump discharge. 12 L/s 0.72 L/s

25 L/s 1.43 L/s

FE-P138-140 BST spray flow rate in 0 to 20 L/s 10 Ha - 0 L/s 0.19 L/s Not reviewed.
13.9-L/s he Aer. 10 L/s 0.60 L/s

18.9 L/s 1.08 L/s

FE-P138-153 BST spray flow rate in 0 to 10 L/s 10 Hs -- 0 L/s 0.10 L/s Not reviewed.
spray pump recirculation 5 L/s 0.30 L/s
line. 9.5 L/s 0.54 L/s

Secondary
Coolant System

FT-P004-012 Inlet to air-cooled 0 to 40 kg/s 10 Hz 0.28 kg/s -- 0.28 kg/s Qualified, initial
condenser inlet header. conditions only (LS-1).

Qualified (L8-2).

FT-P004-012A Inlet to air-cooled 0 to 40 kg/s 10 Hs - -- - Not reviewed.
condenser inlet header.

FT-P004-72A Main feedwater pump 0 to 25 kPa 10 Hs 1.5 kPa -- 1.5 kPa Qualified.
discharge flow.

e e O. .
. .
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TABLE B-2. (continued)

Initial After Experiment Initiation
g

Variable, .

** "8 "*" **" ISystem, and Measurement Uncertainty |

Detector Location Range Frequency" (t) Reading ( t) Comments"
i

FLOW RATE
(c ont inued ) L

i

Secondary !
Coolant System I

(contant) |

FT-P004-72-2 Flow out of main feed- O to 40 kg/a 10 Hz 2.4 kg/s -- 2.4 kg/s Qualified.
water pump.

FT-P004-090 Steam flow control valve O to 4 kg/s 10 Hz 0.082 kg/s -- 0.082 kg/s Not reviewed.
bypass line. j

t

FT-P004-091 Main feedwater control 0 to 5 L/s 10 Hz 0.075 L/s -- 0.075 L/s Not reviewed. .

valve bypass line. |

9 Fmergency Core |
O cooling system |g

FT-P120-31-1 Accumulator B in 6-in. O to 40 L/s 10 Hz -- -- 0.28 L/s Not reviewed. -

line downstream of
orifice.

FT-P120-31-5 Accumulator B in 6-in. O to 12$ L/s 10 Hz -- -- 0.92 L/a Not reviewed (L5-1).
line downstream of Qualified (L8-2).
orifice.

FT-P120-36-1 Accumulator A in 6-in. O to 125 L/s 10 Hz -- -- 0.92 L/s Failed. )
'

line downstream of
orifice.

FT-P120-36-5 Accumulator A in 6-in. O to 40 L/s 10 Hz -- -- 0.28 L/s Tailed.

line downstream of
orifice. [

f

FT-F120-085 Low pressure injection 0 to 25 L/s 10 Hz - -- 0.37 L/s Qualified, no other ;

system (LPIS) Pump s. measurement for direct L
'

discharge. comparison (L5-1).
Qualified, spikes at
approximately 5 s (L8-2).

r

,

l
,

,

. . _ _ . _ _ _ _ . _ . . _ _ _ . - . - - _ _ _ _ . . . _ . . _ . -. , . ,. . . , . . .- ..
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TABLE B-2. (continued) i

t

initial
Af te r ruperiment Initiation

"Variable,
# # "8 "#' ' "'ISystem, and Measurement Uncertainty

Detector Location Range Frequency' (t) Reading ( t) Comments #

FLOW RATE
(continued)

Tmergency Core !

Cooling System t

( c ont i nued )
L

L

FT-P128-085 High pressure injection 0 to 2 L/s 10 He 0.014 L/s -- 0.014 L/s ht reviewed (L5-1).
system (HPIS) Pump B Qualified (L8-2).
discharge.

FT-P128-104 HPIS Pump A discharge. O to 2 L/s 10 Ha 0.014 L/s -- 0.014 L/s Qualified.

Intact Loop

FT-P139-27-1 Intact loop hot leg 0 to 630 kg/s 10 Hs 4.6 kg/s -- 4.6 bg/s Qualified, initial
N venturi flowmeter conditions only.
O fright side facing SC)..

FT-P139-27-2 Intact loop hot leg 0 to 630 kg/s 10 Ha 4.6 kg/s -- 4.6 kg/s Qualified, initial
venturi flowmeter conditions only.
(bottom of pipe).

FT-P139-27-3 Intact loop hot leg 0 to 630 hk'J 10 Hs -- -- 4.6 kg/s Failed.

vent uri flowmeter
(left side facing SC).

1

Prima ry Com-
ponent Cooling
byatcm

FT-P141-022 Primary component 0 to 22 L/s 10 Hs -- -- 0.16 L/s Not reviewed.
cooling system. I

I

LIQUID LEVEL |

Intact Loop

LD-P139-006 Pressuriter liquid level O t o 1.8 m 10 Ha -- -- 0.06 m Not retiewed (L5-1).
on southeast side. Failed (L8-2).

,

I

LD-P139-007 Pressuriser liquid level O to 1.s a 10 Hs -- -- 0.06 m Not reviewed (L5-1).
on southwest side. Failed (L8-2).

I

O O O |- -
. e

.|

. _ . . _ ._ . _ _ - . . _ . . _ _ - , .__ _.. . . _ , . ._ . . _ . . . _ . _ . . _ . _ . . _ .
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TABLE B-2. (continued)
--

In tial After Experiment initiation
.

Condithon
'' ' "8 "#'' *"Y

S t and Measurement Uncertainty *
Detector Location Range Frequency * (tN Reading (t) Comments

LIQUID LEVEL
- (c on t i nued )
l

| Intact Loop
(continued)

LD-P139-008 Pressurizer liquid level O t o 1. 8 m 10 Hz -- -- 0.06 m Not reviewed (L5-1).
on north side. Failed (L8-2).

| Fmergency Core

|
Cooling System

LE-ECC-01A Accumulator A. O to 3.0 m 10 Hz 0.007 m -- 0.007 m Qualified.
|

LIT-P120-0)0 Accumulator B. O to 3.0 m 10 Hz 0.02 m -- 0.02 m Not seviewed (L5-1). |

Qualified (L8-2). |

|N
C LIT-P120-044 Accumulator A. O to 3.0 m 10 Hz 0.02 m -- 0.02 m Not reviewed (L5-1). i

u Qualified (L8-2).
|

|

|
LIT-P120-087 Accumulator A. O to 3.0 m 10 Hz 0.02 -- 0.02 m Qualified. |

|

LIT-P120-089 Accumulator B. O to 3.0 m 10 Ha -- -- 0.02 m Not reviewed (L5-1). |
Failed (L8-2). I

| |

Secondary
Coolant System

LT-P004-008A SG (narrow range). -1.0 to 1.5 sh to Ha 0.025 m -- 0.025 m Qualified, magnitude
unc e r t air..

LT-P004-0085 SG (wide range). -3.7 to 1.5 mh 10 Ha 0.052 m -- 0.052 m Qualified, magnitude |
'

uncertain.

LT-P004-08BB SG (wide range). -3.7 to 1.5 sh 10 Hz 0.08 m -- 0.08 m Not reviewed.

| LT-P004-042 Condensate receiver, O to 1.2 m 10 Ha 0.1 m -- 0.1 m Not reviewed.
1.83 m south of

I condensate receiver
centerline.

|

|
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TABLE B-2. (continued)

I" * * Af ter Experiment Initiation
#" E "Variable Recording Uncertainty

System, and Measurement Uncertainty
Detector location Range g gency' (t) Reading (t) Comment s

LIQUID LEVEL
(continued)

Blowdown Sup-
pression Tank

LT-P138-033 BST level on north 0 to 3.5 m 10 Ha 0.025 m -- 0.025 m Qualified (L5-1).
end of tank. Qualified, not density

compensated (L8-2).

LT-P138-058 BST level on south 0 to 3.5 m 10 Ha 0.026 m -- 0.026 m Qualified (L5-1).
end of tank. Qualified, not density

compensated (L8-2).

MOMENTUM FLUX

Broken Loop

2\ Qualified.2 10 Ha 0.3 Mg/m a sME-BL-001A Cold les DTT flange at 1. 5 t o 12 Mg/m a s
bottom of pipe, high
range.

ME-BL-001B Cold les DTT flange at 1. 5 t o 12 Mg /m x s 10 Ha 0.3 Mg/m a s2| 10 Mg/m a ,2 2.1 Mg/m x s2 Qualified.2

middle of pipe, high >5Mg/ mas 2 1.5 Mg/m x s2
range. 1 Mg/m a s2 1.0 Mg/m a s2

|

ME-BL-001C Cold leg DTT flange at 1. 5 t o 12 Mg /m a s2 10 Ha 0.3 Mg/m a s2 Qualified,
top of pipe, high

/range.

2 100 Ha 0.2 Mg/m x sII Qualified, narrow rangeME-BL-001D Cold les DTT flange at 0 to 2.2 Mg/m a s
bottom of pipe. tow instrument.
range.

ME-BL-001E Cold les DtT flange at 0 to 2.2 Mg/m x s 10 Ha 0.2 Mg/m a s2' 3 p f. , ,2 o,96 Mg/m a s2 2 Qualified, narrow rangeg

middle of pipe, low k2Mg/mxs2 0.84 Mg/m a s2 instrument.
range. 1 Mg/m a s2 0.72 Mg/m a s2

ME-BL-001F Cold les DTT flange at 0 to 2.2 Mg/m a of 10 Ha 0.2 Mg/m x a2 Qualified, narrow range
i

top of pipe, low instrument.
/range.

|
|

9 e e. , ..

-
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TABLE B-2. (cont intled )

Initial
After Experiment initiationg

** "8 " ' ' " * 'I
S nd Measurement Uncertainty i

Detector Location Range Frequency (t) Reading (t) Comments *
_

|
, MOMENT 1H FLtlX

|
I (c ont inued )

I Intact Loop
!

2 to Hs 3.3 Mg/m a s2) Qualisied. |NE-PC-001A Cold les horizonta' DTT 3.0 to 75 Mg/m x s
;

| flange on far side i

i of pipe as viewed from i

|

rake flange.
2 230 Mg/m a s 9.3 Mg/m a s

3,3 pgf , 2 | 2 6.9 Mg/m x s2 Not reviewed (L5-1).i
2 10 Mg/m a si ME-PC-001B Cold leg horizontal DTT 3.0 to 75 Mg/m x s to g,

2 6.1 Mg/m x s2 Qualified, magnitude3 Mg/m a sflange at center
I uncertain (72-2).of pipe.

2 Not reviewed.
| ME-PC-001C Cold leg horizontal DTT 3.0 to 75 Ng/m x s2 to y, 3,3 MS/m K s

flange on near sideI

of pipe as viewed from j
. ,,
| C rake flange.

i 4
2 10 Hz 3.4 Mg/m x s2i Qualified.I ME-PC-002A Hot leg DTT flange 0. 5 t o 20 Mg /m x s

at bottom of pipe. 2 f
j 30 Mg/m a s 7.8 Mg/m n o

22 5.4 MS/m x s Qualified,2 go y, 3,4 pgf , 2 > 10 Mg/m a sME-PC-0025 Hot les DTT flange 0.5 to 20 Mg/m x s
2 4,3 pgf , ,2

at middle of pape. |
1 Mg/m x s

2 j Qualified.2 10 Ha 3.4 Mg/m x sNE-PC-002C Hot les DTT flange 0.5 to 20 Mg/m x s
>at top of pipe.

Reactor Vessel

ME-IST-001 Downcomer Stalk 1, 0.3 to 12 Mg/m x s2 10 H -- 0.78 Mg/m a s2 Not reviewed.

1.16 m above RV bottoo.
2 10 H -- -- 0.78 Mg/m a s2 Not reviewed.

ME-2ST-001 Downcomer Stalk 2, 0.3 to 12 Mg/m a s

1.16 m above RV bottom.

2 to y, .- 0.78 Mg/m a s2 Not reviewed.
ME-3t'P-001 Fuel Asseably 3 above 0.3 to 12 Mg/m x s

upper end box.

ME-5t'P-001 Fuel Assembly 5 above 0.3 to 12 Mg/m a s2 to g, .. 0.78 Mg/m a s2 Not reviewed.

upper end box.

._ _

. .
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j TABLE B-2. (continued)
!

| "
After fxperiment initiation'

Conditiony,,i,31 ,
| oc r og neertainty

.

System, and Measurement Uncertainty
,

Detector Location Range Frequency * ft) Reading (t) Comments

i
NEUTRON
DETECTION

Reactor Vessel i

NE-2H8-?6 Neutron detector a1 0 to 52.5 kW/m 10 Ha 2.03 kW/m -- 5.3 kW/mi Quali fied (LS-1).
IFuel AsserF1 2. (local) Qualified, anomalous spike

, at approminately 300 s I
I (18-2).

NE-4H8-26 Neutron detecror in 0 to 52.5 kW/m 10 Ma 2.03 kW/m -- 5.3 kW/m Qualified.
Fuel Assembly 4. (local)

N E-5 D8-26 Neut ron detector in 0 to 52.5 kW/m 10 Ha -- -- 5.3 kW/m Failed.
Fuel Assembly 5. (local)

NE-6H3-26 Neutron detector in 0 to 52.5 kW/m 10 Hz 2.03 kW/m -- 5.3 kW/m Qualified.
|, g

j c) Fuel Assembl~ 6. (loc al)
00

'

ELECTRICAL
CURRENT

|
'

intact I .co p

I PCP '-I-RMS Primary coolant pump 0 to 1000 amp RMS 10 Ha 15 amp 100 amp 5 amp Not reviewed (L5-1).
4

(PCP) 1. 300 amp 15 amp Qualified, no other
600 amp 30 amp measurement for direct

comparison (L8-2).

PCP-2-1-EMS PCP-2. O to 1000 amp RMS 10 Ha 15 amp 100 amp 5 amp Nt reviewed (LS-1). ,

300 amp 15 sep Qualified, no other
600 amp 30 amp measurement for direct

t

comparison (L8-2).

1
ELECTRICAL

|
i FREQUENCY t

intact Loop

PCP-1-F PCP-1. O to 75 Ha 10 Ha 0.75 Ha -- 0.75 Ha} Qualified above 12.5 Ha
( 1.5- 1 ) . Nt reviewed
(L8-2). ;

I

PCP-2-F PCP-2. O to 75 Ha 10 Ha 0.75 Ha -- 0.75 Ha Qualified above 12.5 Ha |(L5-1). Not reviewed
(L8-2). |

i
i

|

|

0 O O. .. .

. - - . - -- - -
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TABLE B-2. (continued)

I" Alter Emperiment Initiation

S e nd Measurement- Recordina- Uncertainty Uncertainty
*

Detector tocation Ranae Frequency" (t) Reading (t) Comments

ELECTRICAL
POWER

Intact toep

' ~ 0.05 P'"# Not reviewed (L5-1).-PCP-1-P PCP-1. O to 1 W 10 Hz 0.05 MW
Qualified, no other
measurement for direct
comparison (L8-2).

PCP-2-P PCP-2. O t o 1 MW 10 Hz 0.05 MW -- 0.05 MW pot reviewed (LS-1).
Qualified, no other
measurement for direct
comparison (L8-2).

REACTIVE
POWER

>J
Intact loop

P CP-1 -P-VAR PCP-1. O to 1000 kVAR 10 Ha -- -- 50 kVAR Not reviewed.

PCP-2-P-VAR PCP-2. O to 1000 kVAR 10 H -- -- 50 kVAR Not reviewed.

ELECTRICAL
VOLTAGE

Intact Loop

PCP-1-V-RMS PCP-1. O to 500 V RMS to as 15 V 100 V 5V mot reviewed (L5-1).
300 y 15 Y Qualified, no other

600 V 30 7 measurement for direct
comparison (L8-2).

PCP-2-V-RMS PCP-2. O to 600 V RMS 10 Hz 15 V 100 V 5V Not reviewed (LS-1).
300 V 15 V Qualified, no other .

600 V 30 V measurement f ar direct
comparison (L8-2).

,

1
!

i
I

t
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|
'TYLBtJs B-2. (continued)

In tial
Af ter Experiment InitiationConditionVariable. Recording UncertaintySystem. and Measu reme nt Uncertainty

Detector 1.nc a t i on Range Frequency (t)b Reading (t) Commente
a ' #

| DIFFERENTIAL
PRESSURE

Broken I.oop

PdE-BL-015 Celd leg upstream of 11400 kPa 10 H 55 kPa -- 55 kPa Qualified (L5-1).
noaale throat. (differentsal) Qualified, overranged 0 to

,

11 m (L8-2).

Pd E-B L-016 Cold leg upstream of t3500 kPa 10 Hz 140 kPa -- 140 kPa Qualified (L5-1).
nosale midplane. (differential) Qualified, overranged 0 to

11 a ( L8-2).

PdE-BL-017 Cold leg upstream of $3500 kPa 10 Hs 140 kPa -- 140 kPa Quali fied (L5-1).
nosale exit. (differential) Qualified. overranged 0 to

,

11 a (L8-2).
ta

PdE-BL-018 Cold leg across noaale 210 000 ipa 100 Ha 390 kPa -- 390 kPa Qualified (L5-1).**

CD s pool pi ec e . (differential) Qualified, anomalous
spikes prior to 110 s

,

(L8-2).
! I
j Intact Loop

i
PdE-PC-00' Intact loop cold leg 1700 kPa 10 Ha 16.7 kPa 0 kPa 13.0 kPa Qualified. '

across PCPs. (differential) 350 kPa 19.6 kPa
i

700 kPa 32.1 kPa i

PdE-PC-002 Intact loop ac ross SC. 1350 kPa 10 H 7.8 kPa O kPa 5.8 kPa Qualified.
(differential) 150 kPa 8.5 kPa j

350 kPa 15 kPa g

PdE-PC-003 Intact loop hot leg 1175 kPa 10 Hs 3.2 kPa 0 kPa 3.2 kPa Qualified.
piping. RV to SG intet. (differential) (L5-1) 87 kPa 4.9 kPa

3.7 kPa 175 kPa 8.0 kPa
( L8-2 )

|
PdE-PC-005 Intact loop cold leg 140 kPa 10 Ha 1.0 kPa 0 kPa 0.84 kPa Qualified. ,

PCPs to RV nosale. (differential) 20 kPa 1.2 kPa,

40 kPa 1.8 kPa

PdE-PC-008 Intact loop across 240 kPa 10 Ha 1.2 kPa O kPa 0.84 kPa Qualified. narrow range
pressuriser surge line. (differential) ( L5-1 ) 20 kPa 1.2 kPa inst rument , magnitude *

0.9 kPa 40 kPa 1.8 kPa uncertain.
(L8-2)

e O O;
. .. .

. . . -
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TABLE B-2. (continued)

* *
Af ter Fnperiment Initiation

##" * * "
Variable,

ecording Uncertainty UncertaintySystem, and Mea su reme nt
Det ec tor Location Ranae Frequency * _ _ _ (t) Reading (t) Comments *

DIFTERENTIAL
PRESSt'RE
(continued)

Intact Loo p

(cont inued )

Pd E-PC-009 Intact loop across 1700 kP.i 10 Hz 12.4 kPa 0 kPa 7.4 kPa Failed.
PCP-1. (differential) (L5-1) 350 kPa 16 kPa

15.6 kPa 709 kPa 29 kPa
( L4-2 )

PdE-PC-010 Intact loop across 11400 kPa 10 Hz 19.0 kPa 0 kPa 16 kPa Qualifie.t.
PCP-2. (differential) 350 kPa 21 kPa

700 kPa 32 kPa

PdE-PC-015 Pitot tube at top of 240 kPa 10 Hz 1.0 kPa 0 kPa 0.84 kPa Qualified.g,
emergency core coolant (differential) 20 kPa 1.2 kPa==

"" (ECC) Rake 1 (tacing 40 kPa 1.8 kPa
PCP).

PdE-PC-016 Pitot tube next to 140 kPa 10 Ha 0.9 kPa 0 kPa 0.B4 kPa Qualified, magnitude
top of ECC Rake 1 (differential) 20 kPa 1.2 kPa uncertain.
(f acing PCP). 40 kPa 1.8 kPa

PdE-PC-017 Pitot tube next to 240 kPa 10 Hz 1.1 kPa 0 kPa 0.84 kPa Quelified.
bottom of ECC Rake 1 (differential) 20 kPa 1.2 kPa
(facing PCP). 40 kPa 1.8 kPa

Pd E-PC-018 Pitot tube at bottom ot 140 kPa 10 Hz 1.0 kPa 0 kPa 0.84 kPa Qualified.
ECC Rake 1 (facing PCP). (differential) 20 kPa 1.2 kPa

, 40 kPa 1.8 kPa

PdE-PC-027 SC outlet to pumn 140 kPa 10 Hz 1.2 kPa 0 kPa 0.84 kPa Qualified.
suction (lowest point). (differential) 20 kPa 1.2 kPa

40 kPa 1.8 kPa

PdE-PC-028 Pump suction (lowest 140 kPa 10 Hz 1.2 kPa 0 kPa 0.84 kPa Qualified.
point) to PCP-2 inlet. (differential) (L5-1) 20 kPa 1.2 kPa

1.0 kPa 40 kPa 1.8 kPa
( L8-2 )

_ _
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TABLE B-2. (continued)
!

Initial .

Af ter Experiment Initiattor,

' ' "E "#'' ' IS t and Measurement Uncertainty
Detector location Range Frequency * (t) Reading ( t) Commenta

}

DIFFERENTIAL .

PRESSl'RE |
(continued)

Reactor Vassel (

PdE-RV-002 Fuel Assembly 1 from 1175 kPa 10 Hz 11 kPa 0 kPa 11 kPa Not reviewed.
lower end box to upper (differential) 100 kPa 12 kPa
end box. 175 kPa 13 kPa

PdE-RV-003 Intact loop cold leg 2100 kPa 10 Hz 0.5 kPa 0 kPa 0.49 kPa Not reviewed.
inlet t o bot tom of (differential) 50 kPa 0.50 kPa
downcomer. 100 kPa 0.52 kPa

PdE-RV-005 Top of RV to intact t175 kPa 10 Hz 3.9 kPa 0 kPa 0.84 kPa Qualified, no other
loop hot leg. (differential) 20 kPa 1.2 kPa measurement for direct

u 40 kPa 1.8 kPa comparison (L5-1).
"g Qualified, magnitude

unc(rtatn, no other
measurement for direct
comparison (L8-2).

Blowdown Sup-
pression Tank

PdE-SV-001 BST. 130 kPa 10 Hz 0.5 kPa 0 kPa 0.039 kPa Qualified (L3-1).
(differential) 12 kPa 0.04 3 kPa Qualified, anomalous

25 kPa 0.055 kPa spike at approximately
500 s (L8-2).

PdE-SV-002 SST. 115 kPa 10 Ha 0.5 kPa 0 kPa 0.19 kPa Qualified.
(differential) 12 kPa 0.53 kPa

25 kPa 1.0 kPa

PdE-SV-009 BST across the vacuum 170 kPa 10 Hz 3.1 kPa 0 kPa 2.9 kPa Qualified.
breaker line. (differential) (L5-1) 30 kPa 3. 5 k Pa

2.9 kPa 70 kPa 5.5 kPa
(L8-2)

Prescurizer

PdT-P139-006 Pressurizer on south- 0.0 to 17.5 kPa 10 Hz 0.13 kPa -- 0.13 kPa Qualified to 100 s (L5-1).
east side. Qualified to 50 s (L8-2).

e e e. .. .
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TABLE B-2. (continued)

Initial
After Expetiment initiation

.

'# ' "8 "#'' "Y
S and Measurement Uncertainty
Detector Lncation Range Frequency, (t) Reading (+) Comments

DIFFERENTIAL
PRESSURE
(continued)

Pressuriser
(cont i nved )

PdT-P139-007 Pressurizer on south- 0.0 to 17.5 kPa 10 Ha 0.13 kPa -- 0.13 kPa Qualified to 100 s (L5-1).
west side. Qualified to 50 s (L8-2).

PdT-P139-008 Pressuriser on north 0.0 to 17.5 kPa 10 Hz 0.13 kPa -- 0.13 kPa Qualified to 100 s (LS-1).
side. Qualified to 50 s (L8-2).

Intact Loop

PdT-P139-27-1 Intact loop venturi. O to 200 kPa 10 Hz 2 kPa -- 2 kPa Qualified.
channel A. (differential)j y

1 "

| PdT-P139-27-2 Intact loop venturi, O to 200 kPa 10 Ha 2 kPa -- 2 kPa Qualified."

j s
Channel B. (differential) j

|
PdT-P139-27-3 Intact loop venturi, O to 200 kPa 10 Hz 2 kPa -- 2 kPa Qualified. !

|channel C. (differential)

Pd?-P139-030 Across RV just beyond 0 to 350 kPa 10 Ha 3.5 kPa -- 3.5 kPa Qualified, initial ,

intact loop inlet and (differential) conditions only. |

outlet nostles.

NPRESSURE

( d en Loop

PE-BL-001 Broken loop cold leg 0.1 to' 21 MPak 10 Hz 0.12 MPa 0 MPa 0.077 MPa Qualified.'

et DTT flange. 10 MPa 0.096 MPa
20 MPa 0.14 MPa

PE-BL-002 Broken loop hot leg 0.1 to 21 MPa 10 Hz 0.12 MPa O MPa 0.077 MPa Qualified.
at DTT flange. 10 MPa 0.096 MPa

20 MPa 0.14 MPa

PE-BL-009 Broken loop cold leg 0.1 to 17.5 MPa 10 Ha 0.11 MPa O MPa 0.077 MPa Qualified.
upst ream of nosale. 10 MPa 0.096 MPa

17 MPa 0.12 MPa

. . . _ _ _ _ _ _ . _ . _ . _ _ _ _ _
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i TABLE B-2. (continued)
1

|

Initial Af ter Experiment Initiation
. Condition

4 Vartable
f System, an'd Recording Uncertainty

- -

OncertaintyMeasurement
1 Detector tocation Range Frequency" ( t)b Reading ( t) C mments

c

PRESSUREk

(continued)

Broken Loop ,

(con t i nued )

PE-BL-010 Broken loop cold leg 0.1 t o 17.5 MPa 10 Hz 0.11 MPa O MPa 0.077 MPs Qualified.
at nozzle emit. 10 MPa 0.096 MPa

17 MPa 0.12 MPa
,

PE-nL-011 Broken loop cold leg 0.1 to 17.5 MPa 10 Hz 0.11 MPa O MPa 0.077 MPa Qualified.
downstream of nozzle. 10 MPa 0.096 MPa

17 MPs 0.12 MPa

Intact Loop

hJ PE-PC-001 Intact loop cold leg at 0.1 to 21 MPa 10 Hz 0.12 MPa O MPa 0.077 MPa Qualified.
32 DTT flange. 10 MPa 0.096 MPa

20 MPa 0.14 Mpa

PE-PC-002 Intact loop hot leg 0.1 to 2r c's 10 Hz 0.12 MPa O MPa 0.077 MPa Qu a li f ied .
at DTT flange. 10 MPs 0.096 MPa

20 MPa 0.14 MPa

PE-PC-004 Intact loop pressurizer 0.1 to 21 MPa 10 Hz 0.12 MPa O MPa 0.077 MPa Qualified.,

I vapor space. 10 MPs 0.096 MPa

| 20 MPa 0.14 MPa

PE-PC-005 Intact loop reference P.1 to 17.5 MPa 10 Hz 0.06 MPa O MPa 0.043 MPa Qualified.
pressure between SG 10 MPa 0.052 MPa
outlet and PCP inlet. 17 MPa 0.067 MPa

PE-PC-006 Intact loop reference 0.1 t o 17.5 MPa 10 Hz 0.06 MPa O MPa 0.043 MPa Qualified.
pressure between SG 10 MPa 0.052 MPa
outlet and PCP intet. 20 MPa 0.067 MPa

Secondary
Coolant System

PE-SGS-001 SG dome pressure. 0.1 to 7.0 MPa 10 Hz 0.084 MPa O MPs 0.077 MPa Qualified.
3.5 MPa 0.080 MPa

,

i 7 MPa 0.087 MPa
)

| -

,

e
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TABLE B-2. (continued)
i

l Initial
After Experiment initiation

Recording Uncertainty UncertaintyS nd Measurement
I Detector 1.ocation Range Frequene[ (t) Reading (t) Comments"

PRES $UREki

i ( c oc t i nued )

! Biowdown Sup-
I pression System

i
,

| PE-SV-003 BST across from 85 to 700 kPa 10 Hz 13 kPa -- 13 kP s Not reviewed.
| Downcomer 1 (south

end), 157.5* from
top vertical (CW
looking north). !

PE-SV-014 BST header above 85 to 700 kPa 10 Hz 13 kPa -- 13 kPa Qualified.
Downcome" 4, 327'

, from top vertical
( (CW looking north). -

,

t
PE-SV-016 BST across from 85 to 700 kPa 10 Hz 13 kPa -- 13 kPa Qualified.-

" Downcomer 1, 230*
| f re,a top vertical

I (CW looking north).

PE-SV-017 BST,1.38 m north of 85 to 700 kPa 10 Hz 13 kPa -- 13 kPa Qualified.
Downcomer 3 centerline,
O' from top vertical
(CW looking r: orth).

!

! PE-SV-018 BST beader above 85 to 700 kPa 10 Hz 13 kPa -- 13 kPa Qualified.
Downcomer 1.

,

PE-SV-044 BST bottom under 85 to 700 kPa 10 Hz 13 kPa -- 13 kPa Failed.
Downcomer 3.

| PE-SV-055 BST top, 0.15 m 85 to 700 kPa 10 Hz 13 kPa -- 13 kPa Qualified.
f north of Downcomer 4
i centerline.

PE-SV-060 BST top above Down- 85 to 700 kPa 10 Hz 13 kPa -- 13 kPa Qualified.
comer 1.

, , _
- - _ - - - _ _ - _ -
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TABLE B-2. (continued)

Initial
After Experiment Initiation

.

g
# # "8 "##' *"I

S t nd Measurement Uncertainty
*

Detector location Range Frequency" (t) Reading (t) Comments

PRESSUREk
(continued)

1

Secondary |
ICoolant System

(c ont i nued )

PT-P004-085 Upstream of inlet to 0.1 t o 2.8 MPa 10 Hz 0.03 MPa -- 0.03 MPa Not reviewed.
air-cooled condenser
header.

Emergency Core
Cooling System

PT-P120-029 Accumulator B. 0.1 t o 7.0 MPa 10 Hz 0.055 MPa -- 0.055 MPa Not reviewed (L5-1).
Qualified (L8-2).

to

G PT-P120-043 Accumulator A. 0.1 to 7.0 MPa 10 Hz 0.055 MPa -- 0.055 MPa Qualified.

PT-P120-061 ECC injection. 0.1 to 21 MPa 10 Hz 0.158 MPa -- 0.158 MPa Not reviewed (L5-1).
Qualified (L8-2).

. PT-P120-074 LPIS Pump B discharge. 0.1 to 7.0 MPa 10 Hz 0.055 MPs -- 0.055 MPa Not reviewed (L5-1).
Qualified, no other

,
measurement for direct

I comparison (L8-2).

PT-P120-083 LPIS Pump A dis:harge. 0.1 to 7.0 MPa 10 Hz 0.055 MPa -- 0.055 MPa Not reviewed (L5-1).
Qualified, no other

measurement f or direct
cowparison (L8-2).

Blowdown Sup-
pression Tank

PT-P138-055 BST top, 1.22 m north of 0.1 to 17.0 MPa 10 Hz 0.005 MPa -- 0.005 MPa Qualified.
Downcomer 1.

PT-F138-056 BST top. 1.24 m north of 0.1 to 17.0 MPa 10 Hz 0.005 MPa 0.005 MPa Qualified.
Downcomer 2.

PT-P138-057 BST vapor space. 0.1 to 17.0 MPa 10 Hz 0.005 MPa 0.005 MPa Qualified.
Channel C.

1
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TABLE B-2. (continued)
;l

j Initial After Experiment initiation
condition

Rec rding Uncertainty
UncertaintyS et and Measurement *

Detector location Range Frequenef (t) Reading (t) Comments

PRESSUREk
(conti ued)

,

1

Intact Loop
4

PT-P139-002 Intact loop hot leg 0.1 to 21 MPa 10 Ha 0.16 MPa -- 0.16 MPa Qualified.
{ at venturi on bottom.
i

) PT-P139-003 Intact loop hot leR at 0.1 t o 21 MPa 10 Hz 0.16 MPa -- 0.16 MPa Hot reviewed (L5-1).
venturi on left side Qualified (L8-2).
when looking toward SG.

PT-P139-004 Intact loop hot leg at 0.1 to 21 MPa 10 Hz 0.16 MPa -- 0.16 MPa Qualified.
venturi on right side'

j when looking toward SG.

I
| PJ PT-P139-05-1 Pressuriser 1.83 m above 0.1 t o 17.5 MPa 10 Hz 0.12 MPa -- 0.12 MPa Qualified.

oo bot t om (vapcr space).j
1

1 PL'MP SPEED
i

Intact Loop

i
RPE-PC-001 PCP-1. O to 4500 rpm 10 Hs 8.9 rpm 1000 rpm 7.65 rpm Qualified, ii

2000 rpm 8.83 rpm !

3000 rpm 10.10 rpm
4000 rpm 11.66 rpm

RPE-PC-002 PCP-2. O to 4500 rpm 10 Ha 8.9 rpm 1000 rps 7.65 rpm Qualified.
2000 rpm 8.83 rpm
3000 rpm 10.10 rpm
4000 rpm 11.66 rpm

RE\CTIVITY

Reactor vessel

RE-TRM-86-5 Transient reactivity 10.145 Rho 10 Ha -- -- 0.01 Rho Not reviewed.
meter in shield tank.

RE-TRM-86-6 Transient reactivity 10.145 Rho 10 Hs -- -- 0.01 Rho Not reviewed.
meter in shield tank.

O e OP .
. .

- . - _ _ _-
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TABLE B-2. (continued)

nt 1 Af ter Experiment Initiation

Variable, !""

'# ' "8 "*" **" ISystem, and Measurement Uncertainty
Detector Location Range Frequency * (t) Reading (t) Commei.ts'

REACTIVITY
(cont inued )

!

| Reactor vessel
i (continued)

I
| RE-T-77-1A2 Power range, Channel A 0 to 62.5 kW/m 10 Hz 2.0 kW/m -- 2.0 kW/m Qualified.

level.

RE-T-77-2A2 Power range, Channel B 0 to 62.5 kW/m 10 Hz 2.0 kW/m -- 2.0 kW/m Qualified. ,

level. |
|

2.0 kW/m Qualified. jRE-T-77-3A2 Power range. Channel C 0 to 62.5 kW/m to Ha 2.0 kW/m --

level.
|
|

RE-T-87-4A2 power range, Channel D 0 to 1252 power 10 Hs 2.82 -- 32 power Failed (L5-1). I

p level. Qualified (L8-2)..
~
c

TEMPERATURE

Broken Loop

TE-BL-001A Broken loop cold leg 255 to 590 K 10 H -- 350 K 2.4 K Failed.
at DTT flange at 450 K 2.5 K
bottum of pipe. 550 K 2.5 K

600 K 2.9 K

TE-BL-0018 Broken loop cold leg 255 to 590 K 10 Ha 2.6 K 350 K 2.4 K Qualified, possible hot
DTT flange at middle 450 K 2.5 K wall effects.
of pipe. 550 K 2.5 K

600 K 2.9 K

TE-BL-001C Broken loop cold leg 255 to 590 K 10 H 2.6 K 350 K 2.4 K Failed (L5-1).
DTT flange at top of 450 K 2.5 K Qualified, possible hot
pipe. 550 K 2.5 K well effects (L8-2).

600 K 2.9 K

TE-BL-0028 Broken loop hot les at 255 to 590 K 10 Hz 2.6 K 350 K 2.4 K Qualified, possible hot
middle of DTT flange. 450 K 2.5 K wall effects.

550 K 2.5 K
600 K 2.9 K

. . .
. .. .

. . . .
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TABLE B-2. (continued)
|

|

Initial
| After Experiment initiation

Rec r E Uncertainty
S nd Measurement Uncertainty

| Detector 1ocation Range Frequency" (t) Reading (t) Comments
*

TEMPERATURE
(c ont inued )

i

Broken 1.oop

( c ont i nued )

TE-BL-003 Broken loop cold leg in 270 to 590 K to Hz 3.0 K 550 K 3.0 K Qualified. no other
reflood assist bypass measurement for direct
system. on outside of comparison.

| pipe.
!

Intact toop

| TE-PC-001A Intact loop cold leg 255 to 980 K 10 Hz 3.1 K 450 K 2.8 K Qualified, possible hot
I horizontal DTT flange 600 K 3.2 K wall effects.
I on west side of pipe. 800 K 4. 7 K
i 9 1000 K 6.2 K

N
O

TE-PC-001B Intact loop cold leg 255 to 980 K 10 Ha 3.1 K 450 K 2.8 K Qualified. possible hot
horizontal DTT flange 600 K 3.2 K wall effects.
at center of pipe. 800 K 4.7 K

1000 K 6.2 K

TE-PC-001C Intact loop cold leg 255 to 960 K 10 Hs 3.1 K 450 K 2.8 K Qualified, possible hot
horizontal DTT flange 600 K 3.2 K wall effects.
on east side of pipe. 800 K 4.7 K

1000 K 6.2 K
r
Ii

'

TE-PC-002A Intact loop 50t leg 255 to 980 K 10 Hz 3.1 K 450 K 2.8 K Qualified, possible hot
! DTT flange at bottom 600 K 3.2 K wall effects.

! of pipe. 800 K 4. 7 K
,

( 1000 K 6.2 K
i i

TE-PC-002B Intact loop hot leg 255 to 980 K 10 Hs 3.1 K 450 K 2.8 K Qualified, possible hot i

,

DTT flange at middle 600 K 3.2 K wall effects. ti

| of pipe. 800 K 4.7 K
1000 K 6.2 K

|

[ TE-PC-002C Intact loop hot leg 255 to 980 K 10 Hz 3.1 K 450 K 2.8 K Qualified, possible hot

| DTT flange at top of 600 K 3.2 K wall effects.
I pipe. 800 K 4.7 K
I 1000 K 6.2 K

,

I

!

| O O O. s
. .

.

|

|
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TABLE B-2. (continued)

" ' Af ter Experiment Initiation
#" "

Variable. .

Uncertaantyec r ing
System. and Measurement Uncertainty

Detector 1.ncation Range Frequency" (t) Reading (t) Comments *

TEMPEhATURE
(continued)

Intact 1.no p

(continued)

TE-PC-004 Bottom of ECC Rake 1 255 to 590 K 10 Hs 3.1 K 350 K 2.8 K Qualified, possible hot

(between PdF.-PC-014 450 K 2.9 K wall effects.
and PdE-PC-018). 550 K 3.0 K

650 K 3.6 K

TE-PC-005 Next to bottom of ECC 255 to 590 K 10 Ha 3.1 K 350 K 2.8 K Qualified, possible hot

hake 1 (between 450 K 2.9 K wall effects.

PdE-PC-013 and 550 K 3.0 K
PdE-PC-017). 650 K 3.6 K

TE-PC-006 Next to top of ECC 255 to 590 K 10 Hz 3.1 K 350 K 2.8 K Qualified. possible hot

y Rake 1 (between 450 K 2.9 K wall effects.

PdE-PC-012 and 550 K 3.0 K"*

PdE-PC-016). 650 K 3.6 K

TE-PC-009 Next to bottom of 255 ta 590 K 10 Hz 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 Next to top of ECC 255 to 590 K 10 Hz 3.1 K 350 K 2.8 K Oualified.

Rake 2 (between 450 K 2.9 K
PdE-PC-020 and 550 K 3.0 K
PdE-PC-024). 650 K 3.6 K

TE-PC-Olt Top of ECC Rake 2 255 to 590 K 10 Hs 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

Secondary
Coolant System

TE-P004-054 condensate receiver 250 to 500 K 10 H 2.5 K -- 2.5 K Not reviewed.
tank.

__ __
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TABLE B-2. (continued)
i

I

|
' Initiali Af ter Experiment Initiation
i

. Condition
C ' "" "#' '"YS tem ad Measurement Unc e r t aint y

Detector _ Loc a t ion Range Frequency' (t) Reading (t' CommentsI

T EMPERATURE

( cont inued )
I

! Emergency Core

j Coaling System

$ TE-P120-027 Accumulator B 250 to 370 K 10 H 2.5 K -- 2.5 K Not reviewed (L5-1).
| temperature. Qualified, no other

j messerement for direct
j c ompa ri son (L8-2).
1

! TE-P120-041 Accumulator A 250 to 370 K 10 Ha 2.5 K -- 2.5 K Qualified , no othe r

| temperature. mea s u re me nt for direct
j c ompa ri s on .

; Blnwdown Su p-
i ta pression Tank

| Ij Spray System

j TE-P138-137 Outlet of BST spray 250 to 420 K 10 Hs -- -- 0.7 K Not reviewed.
' system heat exchanger.

! TE-P138-141 Spray in 3.79-L/s header. 250 to 420 K 10 H -- -- 1. 3 K Not reviewed.
|

TE-P138-142 Spray pump discharge. 250 to 420 K 10 Ha -- -- 1.3 K Not reviewed.
,

TE-P138-143 Spray in 13.88-Lis 250 to 420 K 10 Hz -- -- 1. 3 K Not reviewed.
r header.
!
'

Broken Loop

|

| T E-F138-170 Hot leg warmup line. 73 to 622 K 10 Hz -- -- 2.1 K Not reviewed.
I

i TE-P138-171 Cold leg warmup line. 172 to 672 K 10 Hz -- -- 0.8 K Wot revie.ed.
!

;

Intact Loop

|

| T E-P139 -019 Pressurizer vapor space. 280 to 640 K 10 Hs 3.5 K -- 3.5 K Qualified.
[ 0.86 m above heater rods.

|
TE-P139-020 Pressurizer liquid 280 to 640 K 10 Hz 3.$ K -- 3.5 K Qualified.i

volume, 0.3o e above
heater rods.

,'

,i

,

' O e O. .
. .

-
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TABLE B-2. (continued)

Initial . . .

Af ter Experiment Initiation
,

'' # "E "#'#E*I"EI Unc ert aint ySy tem and Measurement

Detector Location Range Frequency" (t) Reading (t) Comments"
,

|

TEMPERATURE |
I

(cont inued )

Intact Loop

( cont inued )

TE-P139-20-1 Pressurizer liquid 280 to 640 K 10 Hz 3.5 K -- 3.5 K Qualified.
volume.

TE-P139-28-2 Intact loop cold leg. 530 to 620 K 10 Hz -- -- 1.6 K Failed.

| TE-P139-029 Intact loop cold leg. 280 to 620 K 10 Hz I.6 K -- 1.6 K Qualified, response

|
limited, possible hot
wall effects.

TE-P139-32-1 Intact loop hot leg. 280 to 620 K 10 Hz 1.7 K -- 1. 7 K Not reviewed (LS-1).
Qualified, possible hot

g, wall effects, responseba
'' limited (L8-2).

Primary Com-
ponent Cooling
System

i TE-P141-094 Downstream from primary 275 to 350 K 10 H -- -- 0. 3 K Not reviewed.
( component cooling
| system heat exchanger.
!

TE-P141-095 Upstream from primary 275 to 330 K 10 Hz -- -- 0.3 K Not reviewed.
c omponent cooling
system heat exchanger.

Intact Loo p
,

TE-SG-001 Intact loop hot leg 255 to 980 K 10 Hz -- 350 K 2. 5 K Failed.

SC inlet. 450 K 2.6 K
550 K 2.7 K
600 K 2.9 K

i 980 K 6.0 K

TE-SG-002 Intact loop cold leg 255 to 980 K 10 H 2.7 K 350 K 2.5 K Qualified, possible hot

SC outlet. 450 K 2.6 K wall effects.
550 K 2.7 K
600 K 2.9 K
980 K 6.0 K

|

|

5

e
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TABLE B-2. (continued),

J

i
!

|
Initial

Af ter Experiment Initiation _,g

8'' ' "E "#*' *"IS tem and Measurement Uncertainty
Detector Location Range Frequency" (t) Reading (t) s'omme n t s"

{ T EMP ERATURE

i (cont inued )
1

i

j Secondary
*

j Coolant System
4

[ TE-SG-003 SG secondary side down- 255 to 590 K 10 Ha 2.9 K -- 2.9 K Qualified.
j c ome r . 0. 2 5 m above t op

of tube sheet.
i

TE-SG-004 .tC secondary side down- 255 to 590 K to Hz 2.9 K -- 2.9 K Qualified.4

vo er, 2.12 m above top
of tube sheet.

TE-SG-005 SG secondary side down- 255 to 590 K 10 Hz 2.9 K -- 2.9 K Qtatified.
comer, 2.92 m above top

1 of t ube sheet.
| >>
1 bJ
' 4* Blowdown Sup-

pression System
|

TE-SV-001 BST, 0.3 m north of 255 to 480 K 10 Hz 1.1 K 300 K 0.9 K Qualified.
Downcomer 1, 0.53 m east 350 K 1.0 K
cf t ank centerline, 400 K 1.3 K
2.72 m from tank bottom.

TE-SV-002 BST, 0.3 m north of 255 to 480 K 10 Hz 1.1 K 300 K 0.9 K Qualified.
Downcome r 1, 0.5 3 m east 350 K 1.0 K
of tank centerline, 400 K 1.3 K
2.36 m from tank bottom.

TE-SV-003 BST. 0.3 m north of 255 to 480 K 10 Ma 1.1 K 300 K 0.9 K Qualified.
Downc ome r 1, 0. 5 3 m ea s t 350 K 1.0 K
of t ank centerline, 400 K 1. 3 K
1.90 m from tank bottom.

TE-SV-004 BST, 0.3 m north of 255 to 480 K 10 Hs 1.1 K 300 K 0.9 K Qualified. [
Downc ome r 1, 0. 5 3 m ea s t 350 K 1.0 K
of tank centerline, 400 K 1.3 K
1.45 m from tack bottom.

e e 9. .
. .

- - . _ - _ _
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TABLE B-2. (continued)

Initial After Experiment initiation
.

C "di''.*"
variable,

# # E "#'' **" YSystem, and Measurement Uncertainty
Det e. t or 1.oc a t i on Range Frequency * (t) Reading (t) Comments #

TEMPERATUR"
( cont inued )

Blowdown Sup- |

g esion system
(conticued)

TE-SV-006 BST, 0.3 m north of 255 to 480 K 10 Hz 1.1 K 300 K 0.9 K Qualified.
Downcomer 1, 0.53 m ea st 350 K 1.0 K

of tank centerline. 400 K 1. 3 K
0.37 m from tank bottom.

TE-SV-007 BST, 0.3 m north of 255 to 480 K 10 Hz 1.1 K 300 K 0.9 K Qualified.
Downcomer 3, 0.53 m east 350 K 1.0 K
of tank centerline, 400 K 1. 3 K
2.72 m from tank bottom.

y TE-SV-008 BST, 0.3 m north of 255 to 480 K 10 Hz 1.1 K 300 K 0.9 K Qualified.
La Downcomer 3, 0.53 m east 350 K 1.0 K

of tank centerline, 400 K 1. 3 K
2.36 m from tank bottom.

TE-SV-009 BST, 0.3 m north of 255 to 480 K 10 Ha 1.1 K 300 K 0.9 K Qualified.
Downcomer 3, 0.53 m east 350 K 1.0 K
of tank centerline, 400 K 1.3 K
1.90 m from tank bottom.

TE-SV-010 BST, 0.3 m north of 255 to 480 K 10 Hz 1.1 K 300 K 0.9 K Qualified.
Downcon.er 3, 0.53 m east 350 K 1.0 K
of t ank centerline, 400 K 1.3 K
1.45 m from tank bottom.

TE-SV-011 BST, 0.3 m north of 255 to 480 K 10 Hz 1.1 K 300 K 0.9 K Qualified (L5-1),

Downcomer 3, 0.53 m east 350 K 1.0 K Failed (L8-2).
of tank centerline, 400 K 1.3 K
0.99 m from tank bottom.

TE-SV-012 BST, 0.3 m north of 255 to 480 K 10 Ha 1.1 K 300 K 0.9 K Qualified.
'Downcomer 3, 0.53 m east 350 K 1.0 K

of tank centerline. 400 K 1. 3 K
0.37 m from tank bottom.
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TABLE B-2. (continued)

t

" *
After Experiment initiation

" "
| Variable. . a neerta nty Uncertaintyec r
| System, and Measurement
I Detector Location Range Frequency * (t) Reading (t) Comments *
,

TEMPERATURE
(c ont inued )

Reactor vessel

TE-1All-030 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 1, Row A. 600 K 3.2 K
Column 11, 0.76 m above 800 K 4.7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 1C.3 K

TE-1810-037 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 1 Mow B, 600 K 3.2 K
Column 10, 0.94 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

'
1500 K 10.3 K

ta
y TE-1Bil-028 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.

Assembly 1, Row B, 600 K 3.2 K
| Column 11, at 0.71 m 800 K 4.7 K

i above bottom of fuel rod. 1000 K 6.2 K
'

| 1500 K 10.3 K

TE-1Bil-032 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 28K Qualified.
Assembly 1, Row B, 600 K 3.2 K
Column 11, at 0.81 m 800 K 4.7 K

| above bottom of fuel rod. 1000 K 6.2 K
|

1500 K 13.3 K
|

| TE-1312-026 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
|

Assembly 1. Row B, 600 K 3.2 K
Column 12. 0.66 m above 800 K 4.7 K

,i

bottom of fuel rod. 1000 K 6.2 K j

1500 K 10.3 K
,

! TE-lCll-021 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
' Assembly 1. Row C, 600 K 3.2 K
! Column 11. 0.53 m above 500 K 4.7 K i

bottom of fuel rod. 1000 K 6.2 K
1500 K 10. 3 K

'
;

|

|

:
4

I
i

| 0 e Of .
. .
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TABLE B-2. (continued)

I" * * Af ter Experiment Initiatlon
" I "

Variable. ''' ' "8 "**'** " I
System, and Measurement Uncertainty

*
Detector Location Range Frequency" (t) Reading (t) Comments

TEMPERATURE
(continued)

Reactor Vessel
(continued)

TE-lC11-039 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 1, Row C, 600 K 3.2 K
Column 11. 0.99 m above 800 K 4.7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-1F7-015 Cladding on Fuel 420 to 1530 K 10 Ha 3.2 K 450 K 2.8 K Qualified.
Assembly 1. Row F, 600 K 3.2 K
Column 7. 0.38 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 Kba

U
TE-IF7-021 Cladding on Fuet 420 to 1530 K 10 Hs 3.2 K 450 K 2.8 K Qualified.

Assembly 1, Row F, 600 K 3.2 K
Column 7. 0.53 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10. 3 K

TE-lF7-026 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 28K Qualified.
Assembly 1, Row F, 600 K 3.2 K
Column 7. 0.66 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K

1500 K ,10.3 K

TE-lF7-030 Cladding on Fuel 420 to 1530 K 10 Hs 32K 450 K 2.8 K Qualified. ;

Assembly 1, Row F, 600 K 3.2 K i

Column 7, 0.76 m above 800 K 4. 7 K
bot t om o f f uel rod . 1000 K 6.2 K I

|1500 K 10.3 K

TE-1LP-001 Fuel Assembly 1 lower 310 to 980 K 10 Hs 2.7 K 350 K 2.5 K Qualified. |

end box. 450 K 2.6 K i

550 K 2.6 K |

650 K 3.3 K
980 K 6.0 K

,

1

|

|

|

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.. .

. . . . .
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TABLE B-2. (continued)

'" *
Af ter Experiment initiation

on tionVariable,
'# ' "" "###E' "EYSystem, and Measurement Uncertataty

Detector tocation Range Frequency" (t)b Reading (t) Co mN nc a'

TEMPERATURE
( cont i nued )

Reactor vessel
( c on t i nued )

TE-1LP-002 Fuel Assembly I lower 310 to 980 K 10 Hz 2.7 K 350 K 2. 5 K Qualified.
end box. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K
980 K 6.0 K

TE-IST-001 Dcwnc ome r St a lk 1 255 to 980 K 10 Hs 2.8 K 350 K 2.5 K Qualified.
4.8 m from RV bottom. 450 K 2.6 K

550 K 2.7 K
650 K 3.3 K

bJ 980 K 6.0 K
oo

TE-IST-002 Downcomer Stalk 1 255 to 980 K 10 Hz 2.8 K 350 K 2.5 K Qualified.
4.2 m from RV bottom. 450 K 2.6 K

550 K 2.7 K
650 K 3.3 K
980 K 6.0 K

TE-IST-003 Downcoect Stalk 1, 255 to 980 K 10 Hz 2.8 K 350 K 2.5 K Qualified.
3.59 m from RV bottom. 459 K 2.6 K

550 K 2.7 K
650 K 3.3 K
980 K 6.0 K

TE-IST-004 Downcomer Stalk 1 255 to 980 K 10 Hz 2.8 ( 350 K 2.5 K Qualified.
2.98 m from RV bottom. 450 K 2.6 K

550 K 2.7 K
600 K 3.3 K
980 K 6.1 K

TE-IST-005 Downcomer Stalk 1, 255 to 980 N 10 H 2.8 K 350 K 2.5 K Qualified.
2.37 m from RV bottom. 450 K 2.6 K

550 K 2.7 K
650 K 3.3 K
990 K 6.0 K

# 8a '*

. . . . _ _ _- __.
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TABLE B-2. (continued)

4

After Experiment initiation

*C r nK Uncertainty UncertaintyS t nd Measurement
Detector Location Range Frequency" (t) Reading (t) Comments

i
TEMPERATURE

l(cont inued )
i

Reactor Vessel
(continued) [

'|
TE-IST-006 Down rw ' Stalk 1, 255 to 980 K 10 Hz 2.8 K **0 K 2.5 K Qualified.

,[8.76 w trom RV bottom. 450 K 2.6 K
530 K 2.7 K

|659 K 3.3 K ;

980 K 6.0 K i

TE-IST-008 Downcomer Stalk 1, 253 to 980 K 10 Hz 2.8 K 350 K 2.5 K Qualified.
0.74 m from RV bottom. 450 K 2.6 K

550 K 2.7 K
650 K 3.3 K
980 K 6.0 K i

tJ
* 'TE-IST-009 Downcomer Stalk 1, 255 to 980 K 10 Hz 2.8 K 350 K 25K Qualified.

O.64 m fem RV bottom. I.50 K 2.6 K !

550 K 2.7 K i

650 K 3.3 K (
980 K 6.0 K '

!TE-IST-Oll Downcomer Stalk 1, 255 to 980 K 10 Hz 2.8 K 350 K 2.5 K Qualified. j0.44 m from RV bottom. 450 K 2.6 K
|550 K 2.7 K ;

650 K 3.3 K (
| 980 K 6.0 K [
s

|
| TE-IST-012 Downcomer Stalk 1, 255 to 980 K 10 Hz 2.8 K 350 K 2.5 K Qualified. [
| 0.34 m from RV bottom. 450 K 26K '

I 550 K 2.7 K
650 K 3.3 K
980 K 6.0 K

TE-IST-013 Downcomer nalk 1, 255 to 980 K 10 Hz 2.8 K 350 K 2.5 K Qualified.*

0.24 m from RV bottom. 450 K 2. 's K
550 K 2.7 K
650 K 3.3 K
980 K 6.0 K .

_ _ . . _ . _ _ _ ._ . _ . . _ _ . . _ _ . , _ _ , . . _ . . . _ . . _ . . . _ _ _ _ _ _ _ _ _ _ _ . _ . _ . - . _ . . _ _ _ _ . _ _ _ _ _ . _ . _ . . _ _ _ _ _ _ . _ . __ _
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TABLE B-2. (continued)

"
! After Experiment Initiation

R'' ' "8 "*'''' "'Ys and Heasurement Uncertainty
1 Detector Location Range Frequency" (t) Reading (t) Comments

TEMPERATURE
(continued )

' Reactor Vessel
(continued)

TE-ltP-001 Fuel Assembly I upper 310 to 980 K 10 H 2.9 K 350 K 2.5 K Qualified.
end box. 450 K 2.6 K

550 K 2.6 K .

650 K 3.3 %
980 K 6.0 K

TE-lUP-002 Fuel Assembly I upper 310 to 980 K 10 Hz 2.9 K 350 K 2.5 K Qualified.
end box. 450 K 2.6 K3

j 550 K 2.6 K

j 650 K 3.3 K
' 980 K 6.0 Kg

w
O TE-lUP-004 Fuel Assembly 1 support 310 to 980 K 10 Hs 2.8 K 350 K 2.5 K Qualified.

colua.n above RV nos ale. 450 K 2.6 K
4 550 K 2.6 K

) 650 K 3.3 K
e 980 K 6.0 K

TE-lUP-005 DTT FE-lUP-1 above Fuel 110 t o 980 K 10 Hz 2.8 K 350 K 2.5 K Qualified.
Assembly 1. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K
980 K 6.0 K

1

TE-lUP-006 Fuel Assembly 1 support 310 to 980 K 10 He 2.8 K 350 K 2. 5 K Qualified.
column. 450 K 2.6 K

| 550 K 2.6 K
i 650 K 3.3 K

980 K 6.0 K

TE-2ER-Olt Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 2 Row E, 600 K 3.2 K
Column 8 at 0.28 m above 800 K 4.7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

I
i
i
|
t

!
;

| 0 e e- .. .

,
i
)

. - . _
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TABLE B-2. (cont.inued )

" *
After Experiment initiation

Variable, " "
Rec rding UncertaintySystem, and Measurement Uncertainty

Detector Location Range Frequency" (t) Reading (t) Comments *

T EMPERATURE

(cont inued )
>

Reactor Vessel
(continued)

TE-2E8-030 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.8 K Qualified.Assembly 2, Row E, 600 K 3.2 K *Column 8 at 0.76 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10. 3 K

TE-2E8-045 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
| Assembly 2. Row E, 600 K 3.2 K
i Column 8 at 1.14 m above 800 K 4.7 K

bot t om o f f ue l rod . 1000 K 6.2 K
,, 1500 K 10.3 K
t.a

| TE-2F7-015 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
""

j Assembly 2. Row F, 600 K 3.2 K
> Column 7 at 0.38 m above 800 K 4.7 K

bot tom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K L

LTE-2F7-03 7 Cladding on Feel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.Assembly 2, Row F, 600 K 3.2 K
Column 7 at 0.94 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-2F8-028 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.8 K Qualified. ;Assembly 2. Row F, 600 K 3.2 K
Column 8 at 0.71 m above 800 K 4.7 K
bottom of f. al rod. 1000 K 6.2 K

1500 K 10.3 K

TE-2F8-032 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.Assembly 2. Row F, 600 K 3.2 K
Colurir 8 at 0.81 m above 800 K 4.7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

- , . _ . - - - - .-. -. .- .- . - . .- - . - - .-- - - - - - - - . . _ . . - _ _
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TABLE B-2. (continued)'

Af ter Experiment Initiation

#* * "8 U"#'' "Y
Sy nd Measurement Uncertainty

,
Detector tocation Range Frequency, (t) Reading (t) Comments

TEMPERAT1'RE
(continued)

Reactor Vessel
(continued)

i TE-2F9-026 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 2, Row F, 600 K 3.2 K
Column 9 at 0.66 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10. 3 K

TE-7F9-041 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified. 6

Assembly 2, Row F. 600 K 3.2 K I
I

Column 9 at 1.04 m above 800 K 4.7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K
1 NaL

N
TE-2002 030 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.

Assembly 2, Row C, 600 K 3.2 K
Column 2 at 0.76 m above 800 K 4.7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-2008-021 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.7 K Qualified.
Assembly 2. Row C. 600 K 3.2 K
Column 8 at 0.53 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

j 1500 K 10.3 K |

i
| TE-2G08-039 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2. 7 K Qualified. t

i Assembly 2. Row C, 600 K 3.2 K
( Column 8 .st 0.99 m above 800 K 4. 7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

|
i TE-2C14-011 Cladding on Fuel 420 to .' L K 10 Hz 3.2 K 450 K 2.8 K Qualified.

Assembly 2, Row C, 600 K 3.2 K

Column 14 at 0.28 m 800 e 4.7 K

abcve tottom of fuel 1000 K 6.2 K

rod. 1500 K 'O.3 K

e e e. .
, .

.



_ - . - _ _ _ _

*'
i

1

TABLE B-2. (continued)

"
After Experiment initiation

on tion
Variable, "'#"' "E "#''''E"EYSystem, and Measurement Uncrrtainty

Detector l oc a t i on Range Frequency' (t) Reading (t) Comments"

TEMPERATURE
(c ont inued )

Reactor Vessel
Mr i nued )

TE-2C14-030 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.7 K yualified.

Assembly 2, Row C, 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
r od . 1500 K 10.3 K

TE-2C14-045 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.7 K Qualified.
Ass (mbly 2, Row C, 600 K 3.2 K
Column 14 at 1.14 m 800 K 4. 7 K
above bottom of fuel 1000 K 6.2 K

|
i rod. 1500 K 10.3 Ky

w
"

TE-2H01-037 Cladding on Fuel 420 to 1530 K 10 Hs 3.1 K 400 K 2.7 K Qualified.
Assemoly 2, Row H. 600 K 3.2 K

i Column 1 at 0.94 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10. 3 K

TE-2H02-032 Cladding on Fuel 420 to 1530 K 10 Hz 3.1 K 400 K 2. 7 K Qualified.
|

Assembly 2. Row H, 600 K 3.2 K
Column 2 at 0.81 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

TE-2H03-026 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 400 K 2.7 K Qualified.
Assembly 2, Row H. 600 K 3.2 K
Column 3 at 0.66 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-2H08-039 Cuide tube for Fuel 420 to 1530 K 10 Hz 3.1 K 400 K 2. 7 K Qualified.
Assembly 2, Row H, 600 K 3.2 K
Column 8 at 0.99 m above 800 K 4.7 K

bottom of guide tube. 1000 K 6.2 K

1500 K 10.3 K

.



I
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TABLE B-2. (continued)
,

)
I" " 'I After Experiment Initiation

Condition
Va d able '' ' "E "**' "YSystem, and Measurement Unc e r t aint y

*
Detector location Range Frequency" (t) Reading (t) Comments

TEMPERATURE

(continued )

Reactor Vessel
(continued)

TE-2H13-021 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.7 K Qualified.
Assembly 2. Row H, 600 K 3.2 K
Column 13 at 0. 5 3 m 800 K 4.7 K
above bottom of fuel 1000 K 6.2 K

rod. 1500 K 10.3 K

{ TE-2H13-049 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.7 K Qualified.
; Assembly 2, Row H, 600 K 3.2 K

Column 13 at 1.24 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

ta 1500 K 10.3 K
w
4

TE-2H14-028 Cladding on Fuel 420 to 1530 K 10 Hs 32K 450 K 2.7 K Qualified.
Assembly 2, Row H, 600 K 3.2 K
Column 14 at 0.71 m above 800 K 4. 7 K

j bot t om of f uel rod. 1000 K 6.2 K
1500 K 10.3 K

TE-2H14-032 Cladding on Fuel 420 to 1530 K 10 Hs 3.3 K 450 y 2.7 K Qualified.
Assembly 2, Row H, 600 K 3.2 K
Column 14 at 0.81 m above 800 K 4. 7 K
bottom of f uel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-;H15-026 Cladding on Fuel 420 to 1530 K 10 Hs 3.3 K 450 K 2.7 K Qualified.,

- Assembly 2, Row H, 600 K 3.2 K
| Column 15 at 0.66 m above 800 K 4.7 K

I bott om of f uel rod. 1000 K 6.2 K
| 1500 K 10. 3 K

TE-2H15-041 Cladding en Fuel 420 to 1530 K 10 Hz 3.3 K 450 " 2.7 K Qualified.
Assembly 2, Row H, 600 K 3.2 K
Column 15 at 1.04 m above 800 K 4.7 K

bott om of f uel rod. 1000 K 6.2 K i

1500 K 10.3 K

O O O. .. .

. ..
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TABLE B-2. (continued)

Initial After Experiment initiation
Condition

Variable. Recording Uncertainty
System, and Measurement Uncertainty i

(t)b Read a' ng (t) Comments"
'a

Detector Location Range Frequency

TEMPERATURE
i

(cont inued )

Reactor Vessel
(continued)

TE-2I02-021 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.7 K Qualified.
Assembly 2, Row I, 600 K 32K
Column 2 at 0.53 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-2iO2-039 Cladding on Fuel 420 to 1530 K Id Hz 3.1 K 450 K 2.7 K Qualified.
Assembly 2, Row I, 600 K 3.2 K
Column 2 at 0.99 m above 800 K 4.7 K

bettom of fuel rod. 1000 K 6.2 K
1500 K 10. 3 K

t.3
7

a

TE-2114-021 Cladding on Fuel 420 to 1530 t 10 Hs 3.2 K 450 K 2.7 K Qualified.'#

Assembly 2, Row I, 600 K 3.2 K
Column 14 at 0.53 m above 800 K 4. 7 K
bottom of f uel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-2LP-001 Fuel Assembly 2 lower 310 to 980 K 10 Ha 2.7 K 350 K 2.5 K Qualified.
end box. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K
980 K 6.0 K

TE-2LP-002 Fuel Assembly 2 lower 310 to 980 K 10 Hs 2.7 K 350 K 2.5 K Qualified.
end box. 450 K 2.6 K

550 P 2.6 K
650 K 3.3 K
980 K 6.0 K

TE-2LP-003 Fuel Assembly 2 tower 310 to 980 K 10 H 27K 350 K 2.5 K Qualified.
end box. 450 K 26K

550 K 2.6 K
650 K 3.3 K
980 K 6.0 K
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| TABLE B-2. (continued)
_ _ _

"I * Af te r Experiment initiation. Condition
Variable,

Rec o rd s.ng UncertaintySystem, and Measurement Uncertainty
Detector Location Range Frequency" (t)b Reading (O Coment s*

TEMPERAft'RE
(cont inued )

Reactor Vessel
(continued)

TE-2ST-001 Downcomer Stalk 2, 255 to 980 K 10 Ha 2.8 K 350 K 2.5 K Qualified.
4.8 m from RV bottom. 450 K 2.6 K

550 K 2. 7 K
650 K 3.3 K

980 K 6.0 K

TE-2ST-002 Downcomer Stalk 2, 255 to 980 K 10 Hs 2.8 K 350 K 2.5 K Qualified.
4.20 m from RV bottom. 450 K 2.6 K

550 K 2.7 K

650 K 3.3 K
ba 980 K 6.0 Kw
os

TE-2ST-005 Downc ome r St a lk 2, 255 to 980 K 10 Hz 2.8 K 350 K 2.5 K Qualified.
2.37 m from RV bottom. 450 K 2.6 K

550 K 2.7 K
650 K 3.3 K
980 K 6.0 K

TE-2ST-013 Downcomer Stalk 2 255 to 980 K 10 Hs 2.8 K 350 K 2.5 K Qualified.
0.24 m from RV bottom. 450 K 2.6 K

550 K 2.7 K
650 K 3.3 K
980 K 6.0 K

TE-2UP-001 Fuel Assembly 2 upper 310 to 980 K 10 Hs 2.8 K 350 K 2.5 K Qualified.
end box. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K
980 K 6.0 K

TE-2UP-002 Fuel Assembly 2 upper 310 to 980 K 10 Hs 2.8 K 350 K 2.5 K Qualified.
end box. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K
980 K 6.0 K

O O O. .. .

_ _ _ _ _ _
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TABLE B-2. (continued)

Initial After Fxperiment Initiation
g

# "# "' # "I
Sy tem and Measurement Uncertainty
Detector 1.nc a t i on Range Frequency" (t) Reading (t) Comments |

#

T EMPE RATUR E

(cont inued )

Reactor vessel
( cont i nued )

T E-2 t'P-00 3 Fuel Assembly 2 upper 310 t o 980 K 10 Hz 2.9 K 350 K 2.5 K Qualified.
end box. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K
980 K 6.0 K

TE-3All-030 Cladding on Fuel 420 to 1530 K 10 Ha 3.2 K 450 K 2.8 K Qualified.
Assembly 3. Row A, 600 K 3.2 K
Column 11 at 0.76 m above 800 K 4. 7 K
bot t om of f uel rod. 1000 K 6.2 K

1500 K 10. 3 K
g3
w

TE-3810-037 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.''

| Assembly 3. Row B. 600 K 3.2 K
I Column 10 at 0.94 m above 800 K 4. 7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

i TE-3 Bit-028 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qus*ified.
! Assembly 3. Row B, 600 K 3.2 K
| Column 11 at 0.71 m above 800 K 4.7 K

bott om of f uel rod. 1000 K 6. 2 K
,

1500 K 10.3 K
i

TE-3Bil-032 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 28K Qualified.
Assembly 3, Row B, 600 K 3.2 K
Column 11 at 0.81 m above 800 K 4. 7 K
bott om of f uel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-3812-026 Cladding on Fuel 4 20 t o 15 30 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly'3, Row B, 600 K 3.2 K
Column 12 at 0.66 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

s

s
. y
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TABLE B-2. (continued)

" *
Af ter Experiment initiation

Cond tion
Variable, Rec rding UncertaintySystem, and Measurement Dacertainty

Detector 1.ocation Range Frequency" (t) Reading (t) Comments *

TEMPERATURE
(cont inued )

Reactor Ves g
( c on t i nued )

TE-3Cll-021 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 3 Row C, 600 K 3.2 K
Column 11 a t 0.53 m above 800 K 4. 7 K
bot t om o f fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-3C11-039 Cladding on Fuel 420 to 1530 K 10 Hs 3.3 K 450 K 2.8 K Qualified.
Assembly 3, Row C, 600 K 3.2 K
Column 11 at 0.99 m above 800 K 4.7 K
bot t om o f f ue l rod . 1000 K 6.2 K

1500 K 10.3 Ky
ta

TE-3F7-015 Cladd:ng on Fuel 420 to 1530 K 10 Hs 3.1 K 450 K 2.8 K Qualified.
Assembly 3. Row F, 600 K 3.2 K
Column 7 at 0.38 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

TE-3F7-021 Cladding on Fuel 420 to 1530 K 10 Hs 3.1 K 450 K 2.8 K Qualified.
Assembly 3. Row F, 600 K 3.2 K
Column 7 at 0.53 m above 800 K 4.7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K
l *

| TE-3F7-026 Cladding on Fuel 420 to 1530 K 10 Hs 3.1 K 450 K 2.8 K Qualified.
: Assembly 3, Row F, 600 K 3.2 K
| Column 7 at 0.66 m above 800 K 4. 7 K

| bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

' fE-3F1-030 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 3 Row F, 600 K 3.2 K
Column 7 at 0.76 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

e e OF .. .
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( TABLE B-2. (continued) '

,

!
l

" '
After Experiment Initiation

f Variab[e. .

"*** * " I

" "

'' ' '"8 '
| System, and Measurement Uncertainty

'I Detector location Range Frequenev (t) Reading (t) Comnents
I'

| TEMPERATURE

(! (continued )
,!'

', Reactor vessel

| (continued)
i
! TE-3LP-001 , Fuel Assembly 3 lower 310 to 980 K 10 Ha 2.6 K ,350'A 2.5 K Qualified.

end box. 450 K 2.6 K
' 550 K ". 6 K -|

650 K 3.3 K i

980 K 6.0 K

T[-3tP-dC2' Fuel Assembly 3 lower 310 to 980 K 10 Hz 2.'1 K 350 K 2.5 K . Qustified. '

end box. 450 K 2.6 K
550 K 2.6 K

. -)
i650 K 3.3 K

y 980 K 6.0 K
t.a

#
TE- 3 L'P -001 Fuel Asserbly 3 uppe r 310 to 980 K 10 H 2.9 K 350 K 25K Cualified. '[

| e4 bax 450 K 2.o K '{~ ;
f 550 K 2.6 K I

j 650 K 3.3 K
,,

t 980 K 6.0 K j
*

.

TE-3UP-003 Fuel Assembly 3 support 310 to 980 K 10 Hz 2.7 K 350 K 2.5 K Tot reviewed (L5-1). i.column above RV nousie. 450 K 2.6 K Qualified (L8-2). t

550 K 2.5 K [
650 K 3.3 1
980 K 6.0 K f

TE-3UP-006 Fuel Assembly 3 support 310 to 980 K 10 Hz 2.8 K 350 K 2.5 K Qualified. I.

1, column. 450 K 2.6 K l

4 550 K 2.6 K
! 650 K 3.3 K f
1 980 K 6.0 K '

TE-3UP-008 Liquid level transducer 310 to 980 K 10 Hs 2.8 K 350 K 2.5 K Qualified.
above Fuel Assembly 3. 450 K 2.6 K,

e

1 550 K 2.6 K |j 650 K 3.3 K (-

.i 980 K 6.0 K
1

!
1 <

!

I r
.

,
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i TABLE B-2. (continued)

is
i. Initial
j per Experiment Initiation j

.

'# # "#'''' "'I
bd Measurement ' Uncertainty

S #
tweector 1.ocation Range Frequency" (t) _ Reading (t) Coment sj

T EMPE RATI'RE.,

! (continued) ,

'

1

} Reactor Vessel !

(continued)5

) TE-3UP- 010 Liquid level eransducer 310 to 980 K gn H 2.8 K 350 K 2.5 K Qualified. |
'

,
4bove Fuel Assembly 3. 450 K 76 K

I 550 K 2.6 K
650 K 3.3 Kj
980 K 6.0 K

!

j TE-3UP sill Liquid level transducer 310 to 980 K ld H 2.8 K 350 K 2.5 K Qualified.
i abeve Fuel Assembly 3. 450 K 2.6 K

1 550 K 2.6 K
l 65A K 3.3 K
i '980 K 6.0 K'
i ta I

gi

| TE-30P-012 Liquid level transducer 310 to 980 K 10 He 2.8 K 3% K 2.5 K Qualified. ,

j above Fuel Assembly 3. 453 K 2.6 K ;

550 K 2.6 K L

650 K 3.3 K I
4

980 K 6.0 K
(
t
I TE-3GP-013 Liquid level transducer 310 to 980 K 10 Hz 2.8 K 350 K 2.5 K Qualified.
,

above Fuel Assembly 3. 450 K 2.6 K j

550 K 2.6 K |
-|
| 650 K 3.3 K

980 K 6.0 K j

TE-3UP-014 Liquid level transducer 310 to 980 it 10 H 2.8 K 350 K 2.5 K Qualified. .

I

above Fuel Assembly 3. 450 K 2.6 K
i

|
550 K 2.6 K

| 650 K 3.3 K

|
980 K 6.0 K 5

!

TE-3UP-015 Liquid level transducer 310 to 980 K 10 Hz 2.8 K 350 K 2.5 K Qualified. |

| above Fuel Assembly 3. 450 K 2.6 K j
| 550 K 2.6 K +

650 K 3.3 K }
980 K 6.0 K |'

|

|-
!

1
!

I
i

O O O, .. .

1
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] TABLE B-2. (continued)
|

|
| ''''''l

after r.periment rnitiation
variable,

.

Condition
' ' '"8 "#''I85"IYSystem, and Measurem+nt Unc e r t aint y

. Detector location Rage Frequency' (t) Readine (t) Comments"

) T EMPE RATUR E

f (continued)

Reactor Vessel
(continued)

TE-3CP-016 Liquid level transducer 310 to 980 K 10 Hz 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
| 980 K 6.0 K
i

j TE-4E8-045 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.8 K Qualified.
j Assembly 4. Row E, 600 K 3.2 K
a column 8 at 1.14 m above 800 K 4.7 K
| bottom of fuel rod. 1000 K 6. 2 K

1500 K 10.3 Kw
4
- TE-4F7-037 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.E K Qualified.

Assembly 4, Row F, 600 K 3.2 K
J Column 7 at 0.94 m above 800 K 4.7 K
j iottom of fuel rod. 1000 K 6.2 K
; 1500 K 10. 3 K
l

TE-4F8-028 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 4 Row F, 600 K 3.2 Ki

i Column 8 at 0.71 m above 800 K 4.7 K
j bottom of fuel rod. 1000 K 6.2 K
I 1500 K 10.3 K
I

1 TE-4F8-032 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
! Assembly 4 Row F, 600 K 3.2 K

Column 8 at 0.81 m above 800 K 4. 7 K
| bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

! TE-4F9-026 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 4 Row F, 600 K 3.2 K

| Column 9 at 0.66 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K
|

6

|

|

|

|

, . . , . - - - . - - - - - - _ - - - - - - - - - .
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TABLE B-2. (continued)

I"I'I*I Af ter Experiment Initiation
""

Variable,
'# "I "#*' *"ISystem, and Measurement Unc e rt aint y

*
Detector 1.ocation Waege F re gime nc y" (t) Reading (t) Comments

TEMi'ERATURE
(c ont inued )

Reactor vessel
(csntinued)

T E-4 F9-041 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.i

| Assembly 4, Row F, 600 K 3.2 K
' Column 9 at 1.04 e above 800 K 4.7 K

bot t om o f f ue l rod . 1000 K 6.2 K
1500 K 10.3 K

TE-4C02-030 Cladding on Fuel 420 to 1530 K 10 H 3.2 K 450 K 2.8 K Qualified.
Assembly 4 Row C, 600 K 1.2 K
Column 2 at 0.76 m above 800 K 4. 7 K
bot t om of fuel rod. 1000 K 6.2 K

tJ 1500 K 10.3 K
ta

TE-4008-021 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.6 K Qualified.
Assembly 4, Row C, 600 K 3.2 K
Column 8 at 0.53 e above 860 K 4.7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-4C08-039 Cladding on Fuel 420 to 1530 K 10 Hs 3.3 K 450 K 2.8 K Qualified (L5-1).
Assembly 4 Row C, 600 K 3.2 K Failed (1.8-2).
Column 8 at 0.99 m above 800 K 4.7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-4C14-030 Cladding on Fuel 420 to 1530 K lu Ez 3. 3 K 450 K 2.8 K Qualified.
Assembly 4 Row C, 600 K 3.2 K
Column 14 at 0.76 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K

1300 K 10.3 K

TE-4Cl4-045 Cladding on Fuel 420 to 1530 K 10 Hs 3.3 K 450 K 2.8 K Qualified.
Assembly 4, Row C, 600 K 3.2 K

Column 14 at 1.14 m above 800 K 4.7 K

bcttom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

O OO .. . ..
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I TABLE B-2. (continued)
!
:

|
Af ter Experiment Initiation

' ' E * "ISe nd Measurement Uncertainty
Detector Location Range Frequency, (t) Reading (t)

4
~

Conne-nt s

j TEMPERATURE
j (continued)
i

{ Reactor Vessel
j ( cont i nued )

TE-4H01-037 Cladding on Fuel 420 to 1530 K to Hz 3.1 K 450 K 2.8 K Qualified.j Assembly 4 Kow H, 600 K 3.2 Kj Column 1 at 0.% e above 800 K 4. 7 K
; bottom cf fuel rod. 1000 K 6.2 K
7 1500 K 10.3 K

TE-4 H02-0 3 2 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.8 K Qualified.Assembly 4, Row H, 600 K 3.2 KColumn 2 at 0.81 m above 800 K 4.7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 KN
w TE-4H13-037 Cladding on Fuel 420 to 1530 K 10 Hs 3.3 K 450 K 2.8 K Qualified.Assembly 4. Row H, 600 K 3.2 K

Column 13 at 0.94 m above 800 K 4. 7 K
,bot t om o f f ue l rod . 1000 K 6. 2 K

1500 K 10.3 K

, TE-4H14-028 Cladding on Fuel 420 to 1530 K 10 Na 3.3 K 450 K 2.8 K Qualified.i Assembly 4. Row H, 600 K 3.2 KColumn 14 at 0.71 m above 800 K 4.7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K
TE-4H14-032 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.8 % Qualified.Assembly 4, Row H, 600 K 3.2 KColumn 14 at 0.81 m above 800 K 4. 7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

TE-4H15-026 Cladding on Fuel 420 to 1530 K 10 Hz 3.4 K 450 K 2.8 K Qualified.i Assembly 4, Row H, 600 K 3.2 K
Column 15 at 0.66 m above 800 K 4.7 Kbottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

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



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

TABLE B-2. (continued)

I"III*I After Fxperiment Initiation
C "dIII "

t'a ri a b le , Rec rding Unc e r t a i nt y Uncertainty
System, and Mea.urement *
Detector 1.ocation Range Frequency" (t)b Reading _ (t) C<mment s

TEMPERATORE
( cont i nued )

Reactor Vessel
( c ont i nued )

1

|
TE-4H15-041 Cladding on Fuel 420 to 1530 K to Hs 3.3 K 450 K 2.8 K Qualified.

600 K 3.2 K
' Assembly 4 Row H,

Column 15 at 1.04 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10. 3 K

TE-4102-021 Cladding on Fuel 420 to 1530 K 10 H 3.1 K 450 K 2.8 K Qualified.
600 K 3.2 KAssembly 4. Row f,
800 K 4. 7 KColumn 2 at 0.53 e above

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

y

t'
TE-4102-039 Cladding on Fuel 420 to 1530 K to Ha 3.2 K 450 K 2.8 K Qualified.

600 K 3.2 KAssembly 4, Row 1,
Column 2 at 0.99 m above 800 K 4. 7 K

1000 K 6.2 Kbot tom of f uel rod.
1500 K A0.3 K

TE-4114-021 CladdinK on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
600 K 3.2 KAssembly 4, Row 1,
800 K 4.7 KColumn 14 at C.53 m above

bot t om of f ue l rod. 1000 K 6.2 K
1500 K 10.3 K

TE-4114-039 Cladding on Fuel 420 to 1530 K 10 Hs 3.3 K 450 K 2.8 K Qualified.
600 5 3.2 KAssembly 4, Row 1,
800 K 4.7 KColumn 14 at 0.99 m above
1000 K 6.2 Kbottom of fuel rod.
1500 K 10.3 K

TE-41.P-001 Fuel Assembly 4 lower 310 to 980 K 10 Hz 2. 7 K 350 K 2.5 K Qualified.
450 K 2.6 Kend box.
550 K 2.6 K
650 K 3.3 K
980 K 6.0 K

O O O. . .
.
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TABLE B-2. (continued)
i

Af ter Experiment initiation |
ec r na Uncert aintyS t Measurement g,,,,,,;,gy [

'
Detector Location Range Frequency (t) Reading (t) Commente |

TEMPERATW'E
' (continuect) -

Reactor liessel
(continued)

TE-4 LP-C02 Fuel Assembly 4 tower 310 to 980 K 10 Ha 2.7 K 350 K 2.5 K Not reviewed (LS-1).
end box. 450 K - 2.6 K Failed (L8-2). i

550 K ' 2.6 K |
'650 K 3.3 K |

980 K 6.0 K a

TE-4'P-003 Fuel Assembly 4 tower 310 to 980 K 10 Hz 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 K

980 K .6.0 K
tJ.4
"

TE-4UP-001 Fuel Assembly 4 upper 310 to 980 K 10 Ha 2.8 K 350 K 2.5 K -Qualified,
end box. 450 K 2.6 K

550 K 2.6 K
650 K. 3.3 K
980 K 6.0 K

TE-4UP-002 Fuel Assembly 4 upper 310 to 980 K 10 Hs 2.8 K 350 K 2.5 K Qualified.
end box. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K
980 K '6.0 K

TT-4UP-003 . Fuel Assembly 4 upper 310 to 980 K 10 Ha 28K 350 K 2.5 K Qualified.
end box. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K
980 K 6.0 K-

TZ-4UP-004 Fuel Assembly 4 310 to 980 K 10 Ms 2.8 K 350 K 2.5 K Qualified. j
support column. 450 K 2.6 K I

550 K 2.6 K (
650 K 3.3 K !
980 K 6.0 K '

!

. .
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I TABLE B-2. (continued ) i

! i
i t

I ;

" *
I After Experiment initiation

Condition

f
Variable, Ree rding t'nc e rt a i nt y

Untertainty
'

byatte, and Measurement t
,

4 Detector Location Range Frequency" (t) Reading (t) Comments"

!
T EMP L R ATL'RE |

(c ont inued ) {

1Reactor vessel
(continued) i

TE-4UP-005 Fuel Assembly 4 310 to 980 K 10 H 2.8 K 350 K 2.5 K Qualified.
support column. 450 K 2.6 K

$50 K 2.6 K
650 K 3.3 K
980 K 6.0 K

!

TE-5C6-024 Cuide tube for Tual 420 to 1530 K 10 H: 3.1 K 450 K 2.8 K Qualified.
Assembly 5. Row (, 600 K 3.2 K
Column 6 at 0.61 * above 800 K 4. 7 K p

bottom of guide tube. 1000 K 6.2 K

w 1500 K 10.3 K
4-

! @
l TE-5D6-030 Cladding on Fuel 420 to 1530 K 10 Hs 3.3 K 450 K 2.8 K Qualified.
i Assembly 5, Row D. 600 K 3.2 K |
| Column 6 at 0.76 m above 800 K 4.7 K i

j bottom of fuel rod. 1000 K 6.2 K l

I 1500 K 10. 3 K |

| .

l TE-5D6-032 Cladding on Fuel 420 to 1530 K 10 Hs 3.3 K 450 K 2.8 K Qualified. |
Assembly 5, Row D. 600 K 3.2 K i

Column 6 at 3 81 m above 800 K 4. ? K
bottom of f er ' rod. 1000 K 6.2 K I

'1500 K 10.3 K

TE-5D6-037 Cladding on Fuel 420 to 1530 K 10 Ha 3.3 K 45G K 2.8 K Qualified. .

Assembly !., Row D, 600 K 3.2 K !
Column 6 at 0.94 m above 800 K 4. 7 K
bot t om o f f ue l rod. 1 K 2K

TE-506-039 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.8 K Qualified.
Assembly 5, Row D. 600 K 3.2 K
Column 6 at 0.99 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

|

@ O O
'
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TABLE B-2. (continued)
~

"
After Experiment Initiation

"

| Variable .

#* * I Uncertainty# *
System, and Measurement *
Detector I.oc a t i on Range Frequency" (t) Readin g (t) Comments

TLMPERATURE

( c on t (Ned )

Reactor Vessel
(continued)

TE-5E8-015 Cladding on Fuel 420 to 1910 K 10 Hz 4.2 K 450 K 3.8 K Qualified.
Assembly 5, Row E, 600 K 4.2 K
Column 8 at 0.38 m ab,ve 800 K 5.2 K
bottom of fuel rod. 1000 K 6.7 K

1800 K 8.0 K

TE-5E8-034.5 Cladding on Fuel 420 to 1810 K 10 Hz 4.2 K 450 K 3.8 K Qaalified.
i

l Assembly 5, Row E. 600 K 4.2 K
| Column 8 at 0.88 m above 800 K 5.2 K

|
bottom of fuel rod. 1000 K 6.7 K |

1800 K 8.0 K
FJ
h!

4 TE-5E8-049 Cladding on Fuel 420 to 1530 K 1 Hz 3.3 K 450 K 2.8 K Qualified. i

Assembly 5, Row E, 600 K 3.2 K |

800 K 4.7 K IColumn 8 at 1.24 m above i

bottom of fuel rod. 1000 K 6.2 K |
1500 K 10.3 K |

*
|

TE-5F3-024 Cuide tube for Fuel 420 to 1530 K 10 Hs 3.1 K 450 K 2.8 K Qualified. |

Assembly 5, Row F, 600 K 3,2 K |

Column 3 at 0.61 m above 800 K 4.7 K |

| bottom of guide tube. 1000 K 6.2 K |
'

' 1500 K 10.3 K

TE-5F4-015 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K .8K Qualified.
Assembly 5, Row F, 600 K 3.2 K
Column 4 at 0.38 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.. K

1500 K 10.I K

TE-LF4-021 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.8 K Qualified.
Assembly 5 Row F, 600 K 3.2 K
Column 4 at 0.53 m above 800 K 4. 7 K

| bottom of fuel rod. 1000 K 6.2 K
' 1500 K 10.3 K

i

|
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TABLE B-2. (continued)

Initial . .

After Emperiment initiation

'' ' "8 " " ' ' ' ' "'I
S t nd Measurement Uncertainty

Detectar location Range Frequency" (t) Reading (t) Comments * |

TEMPERATURE
(continued)

Reactor Vessel
( c ont inued )

TE-5F4-026 Cladding on Fuel 420 to 1530 K 1 Hz 3.2 K 450 K 2.8 K Qualified.
600 K 3.2 KAssembly 5, Row F,

Column 4 at 0.66 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10. 3 K

TE-5F4-030 Cladding on Fuel 420 to 1530 K 1 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 5, Row F, 600 K 3.2 K
Column 4 at 0.76 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

1500 " 10.3 K
N
4

TE-5F7-005 Cladding on Fuel 420 to 1530 K 10 Hz 3.1 K 450 K 2.8 K Qualified.*
Assembly 5, Row F, 600 K 3.2 K
Column 7 at 0.13 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-5F8-024 Cladding on Fuel 420 to 1810 K 10 N 4.2 K 450 K 3.8 K Qualified.
Assembly 5. Row F, 600 K 4.2 K

Colsmn 8 at 0.61 m above 800 K 5.2 K

bottom of feel rod. 1000 K 6.7 K
1800 K 8.0 K

TE-5F8-028 Cladding on Fuel 420 to 1810 K 10 Hz 4.2 K 450 K 3.8 K Qualified.
600 K 4.2 KAssembly 5, Row F,

Column 8 at 0.71 m above 800 K 5.2 K
bottom of fuel rod. 1000 K 6.7 K

1800 K 8.0 K

TE-5F8432 Cladding on Fuel 420 to 1810 K 10 Hr 4.2 K 450 K 3.8 K Qualified.
600 K 4.2 KAssembly 5 Row F,

Column 8 at 0.81 m above 800 K 5.2 Z
bottom of fuel rod. 1000 K 6.7 K

1800 K 8.0 K

|
|

|

9 O e. .7 .
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TABLE B-2. (continued)

Initial
Af ter Experiment InitiationConditton

Variable, Recording Uncertainty UncertaintySystem, and Measurement
Detector tocagon Range Frequency )b g,,aing (t) Comments *a

T EMPERATURE

(continued)

Reactor Vessel
( cont i nued )

TE-5F9-Oll Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 5. Row F, 600 K 3.2 K
Column 9 at 0.28 m above 800 4.7 K
bottom of fuel rod. 1000 K t.2 K

1500 K 10.3 K

TE-5F9-030 Cladding on Fuel 420 to 1810 K 10 Hz 4.2 K 450 K 3.8 K Qualified.
Assembiy 5. Row F, 600 K 4.2 K
Column 9 at 0.76 m above 800 K 5.2 x
bottom of fuel rod. 1000 K 6. 7 K

| 18 M K 8.0 Kg
z.

TE-5F9-045 Cladding on Fuet 420 to 1530 K 1 Hz 3.3 K 450 K 2.8 K Qualified. 1

Assembly 5, Row F, 600 K 3.2 K i

Column 9 at 1.14 m above 800 K 4.7 # |
bottom of fuel rod. 1000 K 6.2 k '

1500 K 10.3 K

TE-5F9-062 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Failed (L5-1).
Assembly 5, Row F. (L8-2) 600 K 3.2 K Qualified (L8-2).
Column 9 at 1.57 m above 800 K 4.7 K

| bottom of fuel rod. 1000 K 6.2 K
i 1500 K 10.3 K i

i
'

TE-5C6-011 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 5, Row C, 600 K 3.2 K
Column 6 at 0.28 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-5C6-030 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.8 K Qualified.
Assembly 5, Rod C, 600 K 3.2 K
Column 6 at 0.76 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

-

.. .

'' E y (,
, f. i :

'

.y .
2

* * 4. , . - . . ,- f , y .. .-
' ' '

' < s . - ,_ , t ;g .. . ** .s
,. ,

<
'

4.,q.
. . n .

?
. . . y . .

0; - *:

v ,
-

.
'

-

,., ..

..%;g
- - .. .. '': . - ' ''

.

|. ~ f;,_ [[ ..h. ., | % ' *
...

~,
.

*' ~ '' | .

' -
' '

,

'

. ; _
.

_
. . , , .

_



-- . _ .

i

TABLE B-2. (continued)
I

;

Initial
After Experiment Initiatton

. .

g

ec r ang neertainty
5 tem and Measurement Uncertainty
Detector location Range Frequency" (t) Reading (t) Comments

__

*
|

T EMP ERATI'R E

j (continued)

| , Reactor Vessel
(continued)

TE-5C6-045 Cladding on Fuel 420 to 1530 K 10 Hs 3.3 K 450 K 2,8 K Qualified. I

I Assembly 5. Row C, 600 K 3.2 K
| Column b at 1.14 m above 800 K 4.7 K

bott on of f uel rod. 1000 K 6.2 K

! 1500 K 10.3 K |
.

t

TE-5G6-062 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 5, Row C, 600 K 3.2 K

' Column 6 at 1.57 m above 800 K 4.7 K

| bottom of fuel rod. 1000 K 6.2 K

bJ 1500 K 10.3 K'

I ta
o

TE-5C8-008 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 5. Row C, 600 K 3.2 K i

'

Column 8 at 0.20 m above 800 K 4.7 K
'

I b ot t om o f f uel rod . 1000 K 6.2 K ,

1500 K 10.3 K

TE-5C8-026 Cladding on Fuel 410 to 1820 K 10 H 4.2 K 450 K 3.8 K Qualified. i

Assembly 5, Row .0, 600 K 4.2 K |
Column 8 at 0.66 m above 800 K 5.2 K
bot tor of f uel rod. 1000 K 6. 7 K

1800 K 8.0 K
t

TE-5C8-041 Cladding on Fuel 420 to 1530 K 10 Hs 3.3 K 450 K 2.8 K Qualified.
I Assembly 5, Row C, 600 K 3.2 K

Column 8 at 1.D4 m above 800 K 4. 7 K |
bot tom of f uel rod. 1000 K 6.2 K i

| 1500 K 10.3 K

TE-5C8-058 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.8 K Qualified. ,

Assembly 5, Row C, 600 K 3.2 K i
1Column 8 at 1.47 m above 800 K 4.7 K

bott om of f uel rod. 1000 K 6.2 K

1500 K 10.3 K

,

4

|

6

I

! e O O, .
. .

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



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

l

|
|

TABLE B-2. ( contintied )

" After Experiment Initiation
C n

ec r ng neertainty
5 tem and Measurement Unce r t aint y

De t e c t or Locatior. Range Frequency, (t) Reading (t) Comments

T EMPE RATURE

(c ont inued )

Reactor Vessel
(continued)

TE-5H5-002 Cladding on Fuel 420 to 1530 K 10 Hz J.1 K 450 K 2.8 K Qualified.
Assembly 5. Row H, 600 K 3.2 K
Column 5 at 0.05 m above 800 K 4. 7 K
bot tom of f uel rod. 1000 K 6.2 K

1500 K 10.3 K

l TE-5H5-015 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified. .

Assembly 5. Row !!, 600 K 3.2 K |

Column 5 at 0.38 m above 800 K 4.7 K
i

' bot t om of f uel rod. 1000 K 6.2 K
1500 K 10.3 K

j g3
%n

'.3K 450 K 2.8 K Qualified.~~
TE-5H5-034.5 Cladding on Fuel 420 to 1530 K 10 Hz J

Assembly 5. Row H, 600 K 3.2 K
Column 5 at 0.88 m above 800 K 4.7 K

bot tom of f uel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-5H5-049 Cladding on Fuel 420 to 1530 K 1 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 5. Row H, 600 K 3.2 K
Colusn 5 at 1.24 m above 800 K 4.7 K

b ot t om o f f ue l r od . 1000 K 6.2 K
1500 K 10.3 K

TE-5H6-024 Cladding on Fuel 420 to 1530 K 1 Hz 3.2 K 450 K 2.8 K Qualified.
Assenbly 5. Row H, 600 K 3.2 K
Column 6 at 0.61 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

TE-5H6-028 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.8 K Qualified.
Assembly 5, a;w H, 600 K 3.2 K

Column 6 at 0.71 m above 800 K 4.7 K

bott om of f uel rod. 1000 K 6.2 K

1500 K 10.3 K

.
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!
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i TABLE B-2. (continued)
I
i I

!
Initial Af t er t aperiment Initiat hcondition

Variable,
Recording Uncertainty

System, and **" " (,nc e s t a i nt y
Detectar tocation Range Frequency 49)b Reading (9) Comments

a

) TEMPERATI'RE
j (c ont i nued )
I

! Reactor Vessel

| (continued)
; i

l TE-SH6-032 Cladding on Fuel 420 to 1530 K L Hz 3. 3 K 450 K 2.8 K Qualified.
Assembly 5, Row H, 600 K 1.2 K,

J Column 6 at 0.81 m above 800 K 4. 7 K
| bottom of fuel rod. 1000 K 6.2 K
' 1500 K 10.3 K

TE-SH6-037 Cladding on Fuel 420 to 1530 K 1 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 5. Row H, 600 K 3.2 K
Column 6 at 0.94 m above 800 K 4. 7 K

,' bottom of fuel rod. 1000 K 6.2 K

to 1500 K 10.3 K
vi

| TE-5H7-003 Cladding on Fuel 420 t o 15 30 K 10 Hz 3.2 K 450 K 2.8 K Qualified.'

Assembly 5, Row H, 600 K 3.2 K
Column 7 at 0.20 m above 800 K 4.7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TF-5H7-026 ClaJding or Fuel 420 to 1530 K 10 Ha 3.3 K 450 K 2.8 K Qualified. *

Assembly S. Row H. 600 K 3.2 K
Column 7 at 0.66 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-5H7-041 Cladding on Fuel 420 to 1530 K 10 Ha 3.3 K 450 K 2.8 K Qu.lified.
Assembly 5. Row H, 600 K 3.2 K
Column 7 at 1.04 m above 800 K 4.7 K
bot t om of f ue l rod . ICOO K 6.2 K I

1500 K 10.3 K I
!

TE-SH7-058 Cladding on Fuel 420 to 1530 K 1 Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 5, Row H, 600 K 3.2 K
Column 7 at 1.47 m above 800 K 4.7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10. 3 K

O O Oi .. .

- - - . - . . _. - -
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TABLE B-2. (continued)

" *
Af ter Fxperiment initiation

" "3 "
Variable, Rec rding Uncertainty g,ncertaintySystem, and Measurement *
Detector location Range frequency' (t) Reading (t)

_
Comments

T EMP E RATt'R E

(continued)

Reactor Vessel
(continued)

TE-516-005 Cladding on Fuel 420 to 1530 K 10 Ha 3.1 K 450 K 2.8 K Qualified.
Assembly 5. Row I, 600 K 3.2 K
Column 6 at 0.13 m above 800 K 4. 7 K
bot t om of f uel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-516-021 Cladding on Fuel 420 to 1530 K 10 da 3.2 K 450 K 2.8 K Qualified.
Assembly 5, Row I, 600 K 3.2 K
Column 6 at 0.53 m above 800 K 4.7 K

bot tom of f uel rod. I K K

vi

TE-516-039 Cladding on Fuel 420 to 1530 K 1 Ha 3.3 K 450 K 2.8 K Qualified."

Assembly 5, Row I, 600 < 3.2 K

|
Column 6 at 0.99 m above 800 K 4.7 K

| bott om of f uel rod. 100f K 6.2 K

|
150' K 10.3 K

l TE-516-054 Cladding on Fuel 420 to 1530 K 1 Hg 3.2 K 45 . t 2.8 K Qualified.
t

Assembly 5. Row I, 600 K 3.2 K

Column 6 at 1.37 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10. 3 K

TE-518-008 Cladding on Fuel 420 to 1530 K 10 Hz 3.1 K 450 K 2.8 K Qualified. |
Assembly 5, Row I, 600 K 3.2 K
Column 8 at 0.20 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K

| 1500 K 10.3 K

TE-5;e-026 Cladding on Fue! 420 to 1530 K 1 Hz 3.2 K 450 K 2.8 K Qualified.
| Assembly 5 Row I, 600 K 3.2 K
I Column 8 at 0.66 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K
!
i

l

er,
,

. L

-
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! TABLE B-2. (continued)
J

.

" *
Af ter Experiment initiation

l Variable. " "
Recor ng ncertainty

| System, and Measurement Uncertainty
i Detector 1.ocation Range Frequency" (t) Reading (t) Comments

*

TEMPERATURE

(continued )

Reactor Vessel
(continued)

TE-518-041 Cladding on Fuel 420 to 1530 K 10 Hs 3.3 K 450 K 2.8 K Qualified.
Assembly 5, Row 1, 600 K 3.2 K
Column 8 at 1.04 m above 800 K 4.7 K
bott om of fuel rod. 1000 K 6.2 K

| 1500 K 10.3 K I

a

| TE-518-058 Cladding on Fuel 420 to 1530 K 1 Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 5, Row 1 600 K 3.2 k

'

j Column 8 at 1.47 m above 800 K 4. 7 K
; bottom of fuel rod. 1000 K 6.2 K
i M 1500 K 10.3 K
| u
i TE-5J3-024 Cuide tube for Fuel 420 to 1530 K 10 Ha 3.1 K 450 K 2.8 K Qualified.
! Assembly 5. Row J. 600 K 3.2 K
i Column 3 at 0.61 m above 800 K 4. 7 K
j bottom of guide tube. 1000 K 6.2 K

1500 K 10.3 K,

|

I TE-5J4-015 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.8 K Qualified.
| Assembly 5, Row J. 600 K 3.2 K I

j Column 4 at 0.38 m above 800 K 4. 7 K
| bottom of fuel rod. 1000 K 6.2 K
| 1500 K 10.3 K
<

TE-5J4-030 Cladding on Fuel 420 to 1530 K 10 Ha 3.3 K 450 K 2.8 K Qualified.
' Assembly 5. Row J, 600 K 3.2 K
I Column 4 at 0.76 m above 800 K 4.7 K

bott om of f uel rod. 1000 K 6.2 K
1500 K 10.3 K

TE-5J7-011 Cladding on Fuel 420 to 1530 K 10 Na 3.2 K 450 K 2.8 K Qualified.
Assembly 5. Row J. 600 K 3.2 K
Column 7 at 0.28 m above 800 K 4.7 K
bot tom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

O O O, ,. .

_ _ . _ _ _ _
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TABLE B-2. (continued)

" *
After Experiment Initiation

* "8 " ' I
5 em and Measurement Uncertainty

De t e c t o r location Range Frequency" (t) Reading (t) Comments"

T EMPE RATURE

(continued)

Reactor Vessel
'

(continued)
|

TE-5J7-030 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.8 K Qualified.
Assembly 5. Row J, 600 K 3.2 K
Column 7 at 0.76 m above 800 K 4.) K

bottom of fuel rod. 1000 K 6.2 K
| 1500 K 10. 3 K

|

TE-5J7-045 Cladding on Fuel 420 to 1530 K 1 Hz 3.3 K 450 K 2.8 K Qualified.
Assembly 5, Row J. 600 K 3.2 K
Column 7 at 1.14 m above 800 K 4.7 K
bottom of fuel rod. 1000 K 6.2 K

ba 1500 K 10.3 K
u
5.a

TE-5J7-062 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.8 K Qualified.
Assembly 3. Row J. 600 K 3.2 K
Column 7 at 1.57 m above 800 K 4.7 K

| bot t om o f f ue l r od . 1000 K 6. 2 K
1500 K 10.3 K

TE-5J8-024 Cladding on Fael 420 to 1530 K 1 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 5, Row J, 600 K 3.2 K
Column 8 at 0.61 m above 800 K 4.7 K

i bottom of fuel rod. 1000 K 6.2 K
| 1500 K 10.3 K
|

| TE-5J8-028 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 5, Row J. 600 K 3.2 K

i column 8 at 0.71 m above 800 K 4. 7 Ki

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

TE-5J8-032 Cladding on Fuel 420 to 1530 K 1 Hz 3.3 K 450 K 2.8 K Qualified.
|

Assembly 5, Row J. 600 K 3.2 K
' Column 8 at 0.81 m above 800 K 4. 7 K

bot t om o f f ue l r od . 1000 K 6.2 K

1500 K 10.3 K
|

|

!

|
|

|

|

. _ _ _ _ .

k
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' TABLE B-2. (continued)

I" * *
After Emperiment Initiation

" "Varia5le .

ec ing Uncertainty
System, and Measurement Uncertainty

] Detector 1.ocation Range Frequency" (t) Reading (t) Corement s" t

I
'

TEMPERATURE
(continued)

Reactor Vessel
( cont i nued )

|'
TE-5J8-037 Cladding on Fuel 420 to 1530 K 1 Ha 3.3 K 450 K 2.8 K Qualified.

Assembly 5, Row J, 600 K 3.2 K
Column 8 at 0.04 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-5J 9-005 Cladding on Fuel 420 to 1530 K 10 Hz 3.1 K 450 K 2.8 K Qualified.
Assembly 5. Row J. 600 K 3.2 K
Column 9 at 0.13 m above 800 K 4. 7 K
bot t om o f f ue l rod . 1000 K 6.2 K

to 1500 K 10.3 K
u
e

TE-5J9-021 Cladding on Fuel 420 to 1530 K 10 Ha 3.2 K 450 K 2.8 K Qualified.
Assembly 5. Row J. 600 K 3.2 K
Column 9 at 0.53 m above 800 K 4.7 K
bot t om o f f ue l rod . 1000 K 6.2 K

1500 K 10.3 K

TE-5J9-039 Cladding on Fuel 420 to 1530 K 1 Hz 3.3 K 450 K 2.8 K Qualified.
Assembly 5, Row J, 600 k 3.2 K
Column 9 at 0.99 m above 800 K 4.7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-539-054 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.8 K yualified.
Assembly 5, Row J, 600 K 3.2 K
Column 9 at 1.3' m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

TE-5K8-0C2 Cladding on Fuel 420 to 1530 K 10 Hs 3.1 K 450 K 2.8 K Qualified.
Assembly 5, Row K. 600 K 3.2 K
Column 8 at 0.05 m above 800 K 4.7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

O O O, ,. .

_ . - . - _ _ _ _ - _ _
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TABLE B-2. (cont inued )
_

Initial
Af ter Experiment Initiation

Condition
Variable. Recording Unce rt ai nt y UncertaintS d Measu-ement

e to Location Range Frequency (t)b Reading (t) Comments
' C

TEMPERATURE
(continued)

Reactor Vessel
(continued)

TE-5K8-015 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 5. Row K. 600 K 3.2 K
Column 8 at 0.38 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-5K8-034.5 Clauding on Fuel 420 to 1530 K 10 Hs 3.3 K '.50 K 2.8 K Qualified.
Assembly 5. Row K. 600 K 3.2 K
Column 8 at 0.88 m above 800 K 4.7 K
bot tom of f uel rod. 1000 K 6.2 K

1500 K 10.3 Ky
u

TE-5K8-049 Cladding on Fuel 420 to 1530 K 10 H 3.3 K 450 K 2.8 K Qualified.
Assembly 5. Row K. 600 K 3.2 K
Column 8 at 1.24 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-5LP-001 Fuel Assembly 5 lower 310 to 980 K 10 Ha 2.7 K 350 K 2.5 t Qualified.
end box. 450 K 2.6 K

550 K 2.6 K

650 K 3.3 K
980 K 6.0 K

TE-5LP-002 Fuel Assembly 5 lower 310 to 980 K 10 Hz 2.7 K 350 K 2.5 K Qualified.
end box. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K
980 K 6.0 K

TE-5LP-003 Fuel Assembly 5 lower 310 to 980 K 10 H 2.7 K 350 K 2.5 K Qualified.
end box. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K
980 K 6.0 K

s...
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l

1
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TABLE B-2. (continued)
|

k

initial After Experiment Initiation

'' "E "#' **IS t nd Measurement L'nc e r t aint y
Detector Location Range Frequency" (t) Reading (t) Comments

}
6j

j TEMPERATL'RE

; (continued)
!

| Reactor vessel
j ( c ont i nued )

T E-5 LP-004 Fuel Assembly 5 lower 310 to 980 K 10 Hz 2.7 K 350 K 2.5 K Qualified. !

end box. 450 K 2.6 K !'

$50 K 2.6 K
650 K 3.3 K

i 980 K 6.0 K

I

| TE-5L6-030 CladdinK on Fuel 420 to 1530 K 1 Hz 3.3 K 450 K 2.8 K Qualified.
! Assembly 5. Row L. 600 K 3.2 K
1 Column 6 at 0.76 m above 800 K 4. 7 K

bot t om o f f uel rod . 1000 K 6.2 K
bJ 1500 K 10.3 K
t.a
ao

i TE-5L6-032 Cladding on Fuel 420 to 1530 K 10 H 3.3 K 450 K 2.8 K Qualified.
] Assembly 5, Row L, 600 K 3.2 K
j Column 6 at 0.81 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
f' 1500 K 10.3 K

i
I TE-5L6-037 Cladding on Fuel 420 to 1530 K 10 Hs 3.3 K 450 K 2.8 K Qualified.

Assembly 5, Row L, 600 K 3.2 K ,

,
Column 6 at 0.94 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

TE-5L6-039 CladdinK on Fuel 420 to 1530 K 10 Hs 3.3 K 450 K 2.8 K Qualified.
Assembly 5 Row L. 600 K 3.2 K
Column 6 at 0.99 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-5.8-Oll Guide tube for Fuel 420 to 1530 K 10 Hs 3.1 K 450 K 2.8 K Qualified.
Assembly 5, Row L. 600 K 3.2 K
Column 8 at 0.28 m above 800 K 4.7 K

bottom of guide tube. 1000 K 6.2 K

1500 K 10.3 K ,

l'

O O O, .
. .

_
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TABLE B-2. (continued)

Initial Af ter Emperiment I n s.ttation. ,

dition
Rec r ng neertainty UncertaintyS tem and Measurement

C
Detector location Range Frequency * (t) Reading (t) Comments

T EMPERATURE

(continued)
,

|
Reactor Vessel I

(continued)

TE-5L8-024 Cuide tube for Fuel 420 to 1530 K 10 Ha 3.1 L 450 K 2.8 K Qualified.
Assembly 5, Row L, 600 K 3.2 K
Column 8 at 0.61 m above 800 K 4. 7 K
bott om of guide tube, 1000 K 6.2 K

1500 K 10.3 K

TE-5L8-039 Guide tube for Fuel 420 to 1530 K 10 Ha 3.1 K 450 K 2.8 K Qualified.
Assembly 5. Row L, 600 K 3.2 K
Column 8 at 0.99 m above 800 K 4.7 K
bottom of guide tabe. 1000 K b.2 K

1500 K 10. 3 K73
u
" TE-5M6-024 Cuide tube for Fuel 420 to 1530 K 10 Hz 3.1 K 450 K 2.8 K Qualified.

| Assembly 5, Row M, 600 K 3.2 K
| Column 6 at 0.61 m above 800 K 4.7 r

| bottom of guide tube. 1000 K 6.2 K
! 1500 K 10.3 K

TE-5CP-001 Fuel Assembly 5 upper 310 to 980 K 10 Hz 2.9 K 350 K 2.5 K Qualifie1.
end box. 450 K 2.6 K

$50 K 2.6 K
650 K 3.3 K
980 K 6.0 K

TE-5UP-002 Fuel Assembly 5 upper 310 to 980 K 10 H 2.9 K 350 K 2.5 K Qualified.
end box. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K
980 K 6.0 K

TE-5UP-003 Fuel Assembly 5 upper 310 to 980 K 10 Hz 2.9 K 350 K 2.5 K Qualified.
e nd box . 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K
980 K 6.0 K

_.

%

h

9'
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I TABLE B-2. (continued)
!

l
,

Initial1

After Emperiment Initiation
I Condition I

Variable. '
Recording Unce rt aint YS stem. and *88ur'**" UncertaintyY iq

; Detector locat{on Range Frequency 49)b Reading (f) C"""#"I'
a g

1

!

TEMPERATURE r

(continued)

| Reactor vessel
* (continued)

TE-5UP-004 F.el Assembly 5 upper 310 to 980 K 10 Hz 2.9 K 350 K 2.5 K Qualified.
end box. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K
980 K 6.0 K

TE-5UP-005 Fuel Assembly 5 upper 310 to 980 K 10 Hz 2.9 K 350 K 2.5 K Qualified.
end box. 450 K 2.6 K

550 K 2.6 K
650 K 3.3 K

ta 980 K 6.0 K

8
TE-5UP-006 Fuel Assembly 5 upper 310 to 980 K 10 Hz 2.9 K 350 K 2.5 K Qualified.

end box. 450 K 2.6 K
550 K 2.6 K

! 650 K 3.3 K
f

,

980 K 6.0 K

TE-5UP-007 Fuel Assembly 5 upper 310 to 980 K 10 Hz 2.9 K 350 K 2.5 K Qualified.
e nd box. 450 K 2.6 K

$50 K 2.6 K r

650 K 3.3 K
'

980 K 6.0 K
!
i

TE-5UP-008 Fuel Assembly 5 upper 310 to 980 K 10 Hz 2.9 K 350 K 2.5 K Qualified.
end box. 450 K 2.6 K

550 K 2.6 K
f 650 K 3.3 K

980 K 6.0 K i

t
TE-5UP-009 Fuel Assembly 5 upper 310 to 980 K 10 H 2.9 K 350 K 2.5 K Qualified.,

; end box. 450 K 2.6 K
550 K 2.6 K
650 K 3.3 K
980 K 6.0 K

1

0 O O, .
. .

,

d
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_ _ . . . . . . . . . . .. _ _ . - - - - - - - - - - - - - ---y- - - - . - - - - - - - _ - - - - - - - - - - - - -

TABLE B-2. (continued)

Initial
Af t er Experiment initiation

g 3; ;

'' ' "8 U"#*''' "'Y
Sy tem and Measurement Unc e r t aint y

*
Detector Location Ranee Frequency" (t) Reading ( t) Comments

TEMPERATURE
(c ont i nued )

Reactor Vessel
( c on t i nued )

TE-6E8-011 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 7.8 K Qualified.
Assembly 6 Row E, 600 K 3.2 K

Column 8 at 0.28 m above 800 K 4. 7 K
bot t om o f f ue l rod . 1000 K t.2 K

1500 K 10.3 K

TE-6E8-030 Cladding on Fuel 420 to 1530 K 10 Ha 3.2 K 450 K 2.8 K Qualified. j

Assembly 6. Row E, 600 K 3.2 K |

Column 8 at 0.76 m above 800 K 4.7 K
bottom of fuel red. 1000 K 6.2 K |

1500 K 10.3 K33
os
~~

TE-6E8-045 Cladding en Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K yualified.

Assembly 6, Row E, 600 K 3.2 K
Column 8 at 1.14 m above 800 K 4.7 K
bott om of fuel rod. 1000 K 6.2 K

,

1500 K 10.3 K
|

| TE-6F7-015 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
| Assembly 6. Row F, 600 K 3.2 K
' Column 7 at 0.38 m above 800 K 4.7 K

bottom of f uel rod. 1000 K 6.2 K
1500 K 10.3 K

TE-6F7-037 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.8 K Qualified.
Assembly 6, Row F, 600 K 3.2 K
Column 7 at 0.94 m above 800 K 4.7 K

| bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

TE-6F8-028 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 6. Row F, 600 K 3.2 K
Column 8 at 0.71 m above 800 K 4.7 K

bot tom of f uel rod. 1000 K 6. 2 K
1500 K 10.3 K

-.

4

4

s
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|
; TABLE B-2. (continued)
i

Initial Af ter Experiment Initiation
, '

Vartable,
# "8 " * * " ' 'I

, System, ar.d Measurement Uncertainty *
, Detector Location Range Frequency" (t) Reading ( t) CommentsI

k
>

'
e i

j TEMPERATURE
(c ont inued )

f

IReactor Vessel
(continued) j

TE-6F8-032 Cledding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified, l

Assembly 6. Row F, 6 '.0 K 3.2 K
'

Column 8 at 0.81 m above 800 K 4.7 K ,

i bott om of f ael r od . 1000 K 6.2 K I

(J 1500 K 10.3 K

)
( TE-6F9-0.6 Cladding on Fuel 420 to 1530 K to Ha 3.2 K 450 K 2.s K Qualified. ,

Assembly 6. Row F, 600 K 3.2 K
Column 9 at 0.66 m above 800 K 4.7 K i

bottom of fuel rod. 1000 K 6.2 K i

1500 K 10.3 K
y
&

TE-6F9-041 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 6, Row F, 600 K 3.2 K
Column 9 at 1.04 m above 800 K 4.7 K

betem of fuel rod. 1000 K 6. 2 K
1500 K 10.3 K

|
i

TE-6CO2-030 Cladding on Fuel 420 t o 1530 K 10 Hz 3.1 K 450 K 2.8 K Qualified.
I Assembly 6. Row C, 600 K 3.2 K

Column 2 at 0.76 m above 800 K 4. 7 K'

bottom of fuel rod. 1000 K 6. 2 K j

1500 K 10.3 K

} TE-6C08-021 Cladding on Fuel 420 to 1530 K 10 Ha 3.2 K 450 K 2.8 K Qualified.
Assemblv 6, Row C, 600 K 3.2 K

|
,

Column R at 0.53 m above 800 K 4.7 K
i

bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

Tf-6C08-039 CladdinK on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 6 Row C, 600 K 3.2 K
Column 8 at 0.99 e above 8 DO K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

i

>

0 O O, ,
. ,
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TABLE B-2. (continued)

After Emperiment Initiation

'' 'd "8 U ' *"I
S t nd Neasurement Uncertainty

Detector lAcation Range Frequency" (t) Reading ( t) Comments

T EMPERATURE

(c ontinued )

Reactor Vessel
(continued)

TE-6G14-011 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 6, Row G, 600 K 3.2 K
Column 14 at 0.28 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

TE-6G14-030 Cladding on Fuel 420 to 1530 K 10 Hs 3.3 K 450 K 2.8 K Qualified.
Assembly 6, Row G, 600 K 3.2 K
Column 14 at 0.76 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

g
ch

TE-6G14-045 Cladding on Fuel 420 to 1530 K 10 Ha 3.3 K 450 K 2.8 K Qualified."

Assembly 6. Row G, 600 K 3.2 K
Co;umn 14 at 1.14 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

TE-6HOl-037 Claddirig on Fuel 420 to 1530 K 10 Hz 3.1 K 450 K 2.8 K Qualified.
600 K 3.2 KAssembly 6 Row H, -

Column 1 at 0.94 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TE-6Hv2-028 Cladding on Fuel 420 to 1530 K 10 Hs 3.1 K 450 K 2.8 K Qualified.
Assembly 6. Row H, 600 K 3.2 K

Column 2 at 0.71 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K
1500 K 10.3 K

TE-6H02-032 Cladding on Fuel 420 to 1530 K 10 Hz 3.1 K 450 K 2.8 K Qualified.
600 K 3.2 KAssembly 6. Row H. ,

Column 2 at 0.81 m above 800 K 4.7 K

bottom of f uel rod. 1000 K 6.2 K
1500 K 10.3 K
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i TABLE B-2. (continued) ,

i l
4 ,

I
'

1

"
After Experiment InitiationConditioni

g
'' ' "8 "''' "' ISystem, and Measurement Uncertainty

Detector Location Range Frequency" (t) Reading ( t) Comments #

TEMPERATURZ
(continued)

j Reactor Vessel ,

1 (continued) ,

| '
TE-6H03-026 Cladding on Fuel 420 to 1530 K 10 Ha 3.2 K 450 K 2.8 K Qualified.

j Assembly 6 Row H, 600 K 3.2 K
Column 3 at 0.66 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

,

j 1500 K 1r . 4 K

TE-6H08-039 Cuide tube in Fuel 420 to 1530 K 10 Hs 3.1 K 450 K 2.8 K Qualified.,

j Assembly 6. Row H. 600 K J. 2 K
'

Column 8 at 0.49 m above 800 K 4.7 K

-|
bottom of Guide tube. 1000 6 6.24

y 1500 K 10.3 K t

. $
| TE-6H13-015 Cladding on Fuel 420 to 1530 K 10 Hs 3.2 K 450 K 2.8 K Qualified. '

Assembly 6. Row H, 600 K 3.2 K j
'

Column 13 at 0.38 m 800 K 4.7 K '

above bottom of fuel 1000 F 6.2 K [
rod. 1500 t 10.3 K

. TE-6H13-037 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.8 K Qualified.
! Assembly 6, Eow H. 600 K 3.2 K

Column 13 at 0.94 m 800 K 4.7 K
: atovo bottom of fuel 1000 K 6.2 K
I rod. 1500 K 10.3 K

TE-6H14-028 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 6 Row H, 600 K 3.2 K
Column 14 a? 0.71 m 800 K 4. 7 K i

,
above bottom of fuel 1000 K 6.2 K

rod. 1500 K 10.3 K !

| TE-6H14-032 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.8 K Qualified. !

| Assembly 6, Row H, 600 K 3.2 K !
'

1 Column 14 at 0.81 m 800 K 4.7 K
i above bottom of fuel 1000 K 6.2 K i

j rod. 1500 K 10 3 K [
1 :

.

1

!

l 1
3

G e O l: , > -_

,
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TA BLE B-2 . (continued)

After E s,qt ri me n t Initiation
Variable * Recording t'nc e r t a i nt y
System, and Measurement L'nce r t a i nt y

,
(?)b **a.d i ng ( t) Comnwntsa

Detector _ t.ocation Range Frequency

T E.'tPERATt:R E
(c ont i nued )

Reactor Vessel
(continued)

|

TE-6H15-026 Cladding on Fuel 420 to 1530 K 10 Hz 3. 3 K 450 K 2.8 K Qualified. |
Assembly 6 Row H, 600 K 3.26 |
Column 15 at 0.66 m 800 K 4.7 K !

above bot t om of fuel 1000 K 6.2 K

r od . 1500 K 10.3 K

TE-6H15-041 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.8 K Qualified.
Assembly 6, Row H. 600 K 3.2 K

' Column 15 at 1. D4 m 800 K 4. 7 K
above bottom of fuel 1000 K 6.2 K

rod. 1500 K 10.3 Ky
m

TE-6102-021 Cladding on Fuel 420 to 1530 K 10 Hz 3.1 K 450 K 2.8 K Qualified.
Assembly 6, Row I, 600 K 3.2 K
Column 2 at 0.53 m above 800 K 4. 7 K
bottom of fuel rod. 1000 K 6.2 K

1500 K 10. 3 K

IE-6102-039 Cladding on Fuel 420 to 1530 K 10 Hz 3.2 K 450 K 2.8 K Qualified.
Assembly 6. Row I, 600 K 3.2 K
Column 2 at 0.99 m above 800 K 4.7 K

bottom of fuel rod. 1000 K 6.2 K

1500 K 10.3 K

TF-$114-021 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.8 K Qualified.
Assembly 6, Row I, 600 K 3.2 K
Column 14 at 0.53 m 800 K 4.7 K

above bottom of fuel 1000 K 6.2 K

rod. 1500 K 10.3 K

TE-6114-039 Cladding on Fuel 420 to 1530 K 10 Hz 3.3 K 450 K 2.8 K Qualified.
Assembly 6. Row 1, 600 K 3.2 K

| Column 14 at 0.99 m 800 K 4.7 K

| above bottom of fuel 1000 K 6.2 K

| rod. 1503 K 10.3 K

--

.
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TABLE B-2. (continued)

Initial Af ter Expeiiment Initiation
hbvartable. Tee rding Uncertainty

System. and Measurement Uncertainty

Detector Location Range Frequency" (t) Reacting (t) Comments"
'

| T EMPE RATUR E [

j (continued)

Reactor Vessel
(continued)

T E-6 LP-001 Fuel Assembly 6 lower 310 t o 980 K 10 Ha 2. 7 K 350 K 2.5 K Qualified.
end box. 4 50 K 2.6 K

550 K 2.6 K
650 K 3.3 K
980 K 6.0 K

! TE-6LP-002 Fuel Assembly 6 lowe r 310 to 940 K 10 Hz 2.7 K 350 K 2.5 K Qualified. '

! end box. 450 K 2.6 K
550 K 2.6 K'

i 650 K 3.3 K
| FJ 980 K 6.0 K

! $
f TE-6LP-003 Fuel Assembly 6 lower 310 to 930 K 10 Hz 2.7 K 350 K 2.5 K Qualified.
| end box. 450 K 2.6 K

550 K 2.6 K

| 650 K 3.3 K
980 K 6.0 K

TE-6UP-001 Fuel Assembly 6 upper 310 to 980 K 10 Ha 2.8 K 350 K 2.5 K Qualified,

e nd box . 450 K 2.6 K
550 K 2.6 K

650 K 3.3 K i
"980 K 6.0 K

TE-6"P-002 Fuel Assembly 6 upper 310 to 980 K 10 He 2.8 K 350 K 2.5 K Qualified,

end bem. 450 K 2.6 K
550 K 2.6 K i
650 K 3.3 K

i
' 980 K 6.0 K i
I

'

|
TE-6UP-003 Fuel Assembly 6 upper 310 to 980 K to H 2.9 K 350 K 2.5 K Qualified.'

| end box. 456 K 2.6 K +

' 550 K 2.6 K |

650 K 3.3 K
980 K 6.0 K

I

t

I

O O 0, - -

|
w,-m



_ __ _ _ _ _ _ _ _ _ _ _ _ ___ _ _

_

'

,. r w

|
l

' TABLE B-2. (continued)
'

Initial After Experiment In s t t a t i on_
.

_

;
'' "8 " ' ' "7

S m d , Measurement , :nc ert ai ra y
Detector' 1.ocation

_ _ _

Range Frequency, (t) ReadinE (t)
_

Comments

'

1

' TEMPERATUR9
(continued)

Re u t o rp:)sej
' I '

,/ ,t
( c ont hs.< j

'

) .
,

/ f , ,

,

|*i 10 Et, 2.8 K 350 K 2.5 K Qualified.
/ '

T f -t('P-0W Fuel Assemti y S y/ 310 to 980 K 'It f

/<
'

t.57 K 2.6 Ksupport-coluta , (/
' '

,,

- /f ! /
~

650 K 3.3 K
' '

j- 1 550 K 2.6 K,
'

f
' l- / **0 K 6.3 Kj g ' <

-

e: .

110 to 980 Kj'
4.

10 Hz ?); K 350 K 2.5 K Quali*aed.TE-6LT-005 Fu.1 .*3sembly 6 7
support column. ,

> 550 K 2.6 K
450 d 2.6 K,

'*

{
y' / '

^

650 K 3.3 K*
,

g* *' 980 K &0*.

bJ f p '

& * .f ,
,
* *s / J4 Secondary

,

[ i , );
/ </

Coolant >Sym*.em-
'

,

' I T-P00a-004 Secondary :oolant 370 to 505 K 10 Hs 1.2 K -- 1.2 K Qualified, no other
sys t e- 'e *|wa te r . , s.casur =wnt for direct

>
,

comparison.

Emstgency Core
Ct.o l i n g system

TT-9120-062 Cold leg injectica in 280 to 620 K 10 H -- -- 1.6 K Not reviewed.
4-in. line upst ream of
cold leg injection pe:nt.

Intact Loop J
|c

TT-P139-032 Intact loo, hoc les 535 to 620 K 10 Hz 1.7 K -- 1.7 K Qualified, possible hot |

primary coolant, wall ef fect s; narrow range

Channel A. instrume9t, response
limited.

.

|

|

|

|

_ _ _ _ .- ,

,

,.
*
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! TABLE B-2. (continued)
,

; ~s.
i

i,
aummmmm-e W _w..

,

.

Initial .

. Afrer Experiment Inittation
,

,
k ec r n cent nty

nd Measurement
..

Unce rt aint y >

1 ' Detector
_

Location Range
_

Frequency (t) _ s Re(dig t (t)
_

Comments

TEMPERAT1*RE
~~

tcontinued)

Intact Loop
,

(continued)

: TT-P139-033 Intact loop hot leg $35 to 620 K 10 Hz 1.7 K -- 1. 7 K Qualified, possible hot
! primary coolant. 411 effects; narrow range

} Channel B. instrument, response
i limited.

TT-P139-034 Intac* loop bot les 535 to 620 K 10 Ha 1. 7 K -- 1.7 K Qualified, possible hot
primary coolant, wall ef f ect s ; narrow range
Channel C. instrument, response

limited.

N
i

| $ a. Recording frequency is the measurement channel bandwidth at the f 3-d B level.

( b. Initial condition uncertainty in the same for Experiments L5-1 and L8-2 unless the experiment is specified.

c. The comment s are the same for Experiment s L5-1 and L8-2 unless the experiment is spscified. -
,

|

| d. Reference B-4.

e. Reference B-5. ,

f. Reference B-6.

g. Ref e rence B- 7.

h. The steam generator liquid level is defined as C at 2.95 m above the top of the tube sheet.

i. Reference B-8.

j. Reference B-9.

k. Pressure measurements are presented as absolute values.

O e O, - .

- _
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APPENDIX C
PREEXPERIMENT PROCEDURES AND DATAc

( ) CONSISTENCY CHECKS
LJ

In preparation for Experiments LS-1 and L8-2, the 555-K stabilization point, the PCS pressure
the primary coolant system (PCS) was filled and was decreased and then increased through 14.95,
vented, and the specified system water chemistry 13.87,12.50,11.12, and 9.74 h1Pa, and 20 s of

g was established. Prior to the primary system data were obtained at each step. Before the reactor
heatup, several tests were performed on the Loss- was brought critical, the DAVDS was calibrated
of-Fluid Test (LOFT) system. These tests included and the boron concentrations in the accumulators,
plant requalification tests, pump coastdown runs, BST, and BWST were verified.
experiment control system checks, and opera-
tional verification of newly installed instrumenta- The following discussion describes several'n
tion. Selected system process instruments were techniques used to perform consistency checks on
calibrated and an electrical calibration was per- the data presented in this report. The purpose of
formed on the data acquisition and visual display these checks is to establish data integrity and to
system (DAVDS).C-1 evaluate the performance of a given t.ransducer.

The PCS pressure was hydrostatically increased 1. Checks of Preexperiment
to 1.46,3.53,6.98,10.43,13.87, and 15.60 h1Pa,

ataand then decreased through the same pressure
plateaus, at cold plant temperature and zero flow
conditions. The DAVDS recorded 20 s of data at Prior to the experiment, static pressure, steady
each pressure plateau in both the increasing and state flow, zero flow, pump coastdown, and
decreasing directions to determine the degree of isothermal tests were conducted on the LOFT
sensitivity of the pressure sensing instruments. system at various temperatures, pressures, and

n The system was concurrently inspected for leakage flow ran... Wng the data from these tests, the
( ) at the various test pressures. The pumps were following checks were performed.
( ,/ operated at 15,20,30,40,50, and 60 Hz with 20 s

of data taken at each frequency. During heatup of 1.1 Absolute Pressure Data. During the
the plant, the appropriate initial conditions were approach to initial conditions, a series of static
established for the blowdown suppression tank pressure tests was performed. After each test, the
(BST), accumulator, and borated water storage absolute pressure measurements were compared
tank (BWST). with two reference pressures (PE-PC-005 and

-006). The pressure tests were used to evaluate the
The plant was stabilized at 422,489, and 555 K slope coefficient of the calibration equations and

during heatup. At each of these temperatures,20 s to evaluate the pressure sensitivity of the
of data were recorded for calibration checks and transducers.
to determine the degree ofins. ument temperature
sensitivity. In addidon, the cumps were operated Prior to the experiment, the BST was vented to
at 15,20,30,40,50, and 60 iM in both increasing the atmosphere and the BST pressure readings
and decreasing directions with 20 s of data taken were checked against atmospheric pressure.
at each frequency. At the 422-K stabilization
point, with the pumps off,20 s of data were taken The steam generator pressures were compared'-

at 1.46, 3.53,6.98,9.74, and i1.12 h1Pa in both to each other and checked against the temperature
the increasing and decreasing directions. At the in the steam generator by comparing the pressure
489- and 555-K stabilization pomts, the pumps obtained from the steam tables, using the steam
were stopped and 20 s of data were recorded dur- generator temperature, with the pressure,.
ing pump coastdown and zero flow conditions. transducer readings.
With the pumps off at the 489-K stabilization
point, 20 s of data were taken at 12.49, 11.!2, When the accumulator was pressurized, both

! 9.74,6.98, and 3.53 h1Pa in both the decreasing accumulator pressure transducer readings were
i /] and increasing direc' om. With the pumps off at checked by comparing one with the other.
!\ !; xu

273

L



_- _ _ ________________.___ __

1.2 Flow Data. Measurements of fluid flow appropriate absolute pressure measurements.
included pump speed, differential pressure, sen- Pressure closure was calculated for the PCS intact
turi, turbines and drag discs. The measurements loop.
were analyzed primarily to check the zero offset.
Turbine and drag disc measurements were also 7.2 J y,nturf oers-Consistency checks were per-
analyzed to check slope coefficient (gain) changes. formed oy comparing the venturi mass flow rates

with each other and senturi mass How rates from
1.2.7 Pump Speed osta--The reference measure- previous LOFT experiments (with the same loop

ment for all intact loop flow measurements was resistance). A comparison of the venturi with the ,
primary coolant pump speed, because it is the pump speed consisted of performing a least
most accurate and stable of the How measure- squares fit of the venturi data versus the pump
ments. The pump speed measurement was data (derived from the pump speed frequency
adjusted using a square wave generator to test). The results w ere used to correct any zero off-
calibrate the digital-to-analog con ersion. set in the senturi. The corrected senturi da'.a were x

then used to calculate the average fluid velocity
Dur63 heatup, the zero reading was checked at and momentum flux of the intact loop. The com-

esery zero flow point; during now tests, the pump puted selocity was compared to the differential
speed was checked against pump frequency. Pump pressure measured across the pumps, the steam
speed measurements were checked for consistency generator, and the reactor sessel.
by comparison with pump speed as calculated
from the primary system motor-generator fre- r.2.4 orna oise. Turbine torn onta-Reactor vessel
quencies. This check was valid prior to and during and piping drag disc measurements were com-
the experiment until the primary system motor pared with values calculated from senturi mass
generator field breakers were opened. Prior to the Dow, assuming the full flow area. Slope coeffi.
cxperiment, the pump speed was further checked cients were calculated, and the effect of tem-
by resiewing the agreement with previous LOFT perature on the calibration coefficients was
experiments. Pump operating voltages and cur- determined.
rents were evaluated prior to the experiment by
calculating the pump electrical l'orsepower input, After the slope coefficients had been verified,
the pump water power, and finally the combined the data for a given transducer were plotted
pump efficiency. These calculated efficiencies against pump speed and a least squares fit per-
were then compared with previously recorded effi- formed. The zero offset from this curse fit was
ciencies determined during pump requalification used to modify the zero offset of the transducers.
tests.

As an independent check, the turbine flowmeter
1.2.2 olfferentia/ Pressure para-Zero offsets were and drag disc data were used to calculate fluid

determined from Gow data, static pressure tests, density. These values were then compared to the
and temperature sensitivity data derised during known single-phase density prior to the experi-
the heatup. Steady state flow conditions for the ment. This analysis was performed on all the tur-
PCS were then established, and selected PCS bine Dowmeter and drag disc measurements with
pressure drops were compared with predicted the exception of those that failed.
values. At various Dow conditions, intact loop
Dow resistance coefficients were calculated arid 1.3 Gamma Densitometer Data. To evaluate
verified to remain essentially constant and to agree the PCS aserage fluid densities, calculations were
with presiously tabulated data. Further consis- performed using the gamma densitometers. The -

tency checks were performed on the intact loop densitometers were checked for normal operation
differential pressure measurements by plotting the by recording and examining data tapes within 8 h
square root of the differential pressure against before the experiment and by observing spectra,
pump speed using data from the pump frequency count rate data, and live-time data on the den-

'
tests. The results of the curse fits performed on sitometer system display console immediately
those plots were then used to confirm zero offsets. before and during the experiment.
Both prior to and during the experiment, differen-
tial pressure measurements were compared with 1.4 Level Measurement Data. Five system

the differential pressure computed by subtracting level measurements were evaluated: (a) BST

|
1
|
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liquid level, (b) pressurizer coolant level,(c) pump 2.2 Flow Data. Immediately prior to the experi-
suction liquid level, (d) reactor vessel coolant ment, flow data were again compared for con-

O level, and (e) steam generator secondary side sistency. In addition, experiment data were
liquid level. BST liquid level measurements were compared with previous similar experiments. A
qualified by comparing the four available summary of the consistency checks for the pump
measurements. In addition, a site glass mea- and flow transducer measurements follows.
surement was made both prior to and following
the experiment. Similarly, pressurizer liquid level 227 Purnp Speed Data-The field breakers for
was reviewed by redundant level measurements. the primary coolant pump motor generator sets

D The pump suction and steam generator liquid were opened at the end of pump coastdown.
levels were checked at zero flow conditions with Pump speed measurements were compared during
the plant full of water. The reactor vessel liquid pump coastdown.
level probes were verified by performing preex-
periment conductivity calibrations with the vessel 22.2 Di//etential Pressure Data-Immediately

/ full, under cold and hot plant conditions. prior to the experiment, when steady state
operating conditions had been established, the dif-

1.5 Thermocouple Data. Temperature ferential pressure measurements around the intact
measurements were analyzed by comparing them loop were summed and compared with the dif-
with other temperature data obtained during the ferential pressure across the primary coolant
isothermal tests. Resistance temperature measure- pumps.
ments were used for reference, where they existed.
If saturation conditions existed, the temperature 2.2.3 venturi Data-The initial conditions data
was compared with the temperature from the from the venturi were checked for data consis-
steam tables using pressure measurements as the tency by comparing them with preexperiment flow
reference. Temperature measurements outside the test data. The flow venturi was used only for
primary coolant were compared with any known steady state initial conditions information.
temperature in the same area.

22A Drag Disc-Turbine (DTT) Data-Initial condi-
"N tions data were checked by calculating momentum

2, Checks During and After the flux from the venturi mass flow rate and from the
Experiment known density for those DTTs that were not over-

'

ranged. These values were then compared with the
measured values from the DTT.

The purpose of these checks was to further
establish the data integrity. For each type of Experiment data were checked by comparing
measurement, comparable data channels were data from previous experiments. An additional
evaluated and the determination of data consis- check was made by comparing the basic shape of
tency was identified. The following is a brief the velocity or momentum flux curves with a dif-
summary of those checks. ferential pressure close to the DTT.

.

2.1 Absolute Pressure Data. During the 2.3 Gamma Densitometer Data. Checks of
experiment, the saturated steam temperature was the calibration constants were obtained from the
determined from the saturated steam table using all-liquid readings approximately 10 s prior to
pressure transducer data. The computed tempera- reactor scr9m. The fluid densities for the all-vapor
ture was compared with the temperature measured conditior v,ere determined from the steam tables

,

by the thermocouple. However, this was valid using temperature and pressure measurements
only during saturation. When complete voiding following completion of the blowdown phase of
occurred, the measured temperature increased each experiment.
above the corresponding saturation temperature

' because of conduction and radiant heating of the 2.4 Liquid Level Data. The steam generator
detector element by the surrounding warmer and pressurizer liquid levels were reviewed by
environment (pipe walls, etc.). redundant level measurements.

, . .
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2.5 Temperature Data. The temperatures dur- 3. Reference
ing the experiment were compared with nearby
temperatures and with previous experimental
data. Initial conditions were also checked by com. C-1. F. S. Miyasaki, Digital Data Acquisition
paring all primary coolant thermocouple and Program, ANCR-1250, August 1975.
resistance thermometer detector measurements.
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