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ABSTRACT

Recorded test data are presented for Test RIA [-1 of the Thermal Fuels Behavior
Program Reactivity Initiated Accident Test Series [. Ths test. conductad at the Power Burst
Facility, was designed to charactenize the response of umirradiated an. preirradiated fuel
rods during an RIA event conducted at boiling water reactor hot-startup coolant conditions,
and to evaluate test instruma2ntation response during a power buist. The data. presented in
the form of graphs in enginezring units, have been analvzed only to the extent necessary to
ensure they are reasonable and consistent. These uninterpreted data from Test RIA 1-1 are
presented in advance of detailed analysis and interpretation.



SUMMARY

The Reactivity Initiated Accident (RIA) Test RIAI-1 was completed
October =, 1978, as part of the Thermal Fueis Behavior Program conducted by
EG&G Idaho. Inc. for the U.S. Nuclear Regulatory Commission. Test RIA 1-1 was the first
of six planned tests of RIA Test Senes|, and was designed to satisty the following
objectives.

(1) Charactenze the response of unirradiated and preirradiated fuel
rods during an RIA ewent conducted at boiling water reactor
{BWR) hot-startup coolant conditions

(2) Evaluate t2st instrumnentation response during a power burst.

The Power Burst Facility provided the n~ tron and cooiant environment which
simulates the postulated reactivity initiated a-.cide - ™r a BWR at hot-startup conditions.
The test facility components included:

(1) A reactor vessel and dnvir core region (0 provic. :ne ne..™n
environment

(2) An in-piie tube in the .enter of the dnver core to contain the
test rods

(3) A pressunzed water Tow loop to provide the coolant environ-
ment in the in-pile - :%e.

The test train assembly consisted of four individuailv shrouded pressurized water
reactor-type fuel rods which were positioned in the in-pile tube at driver core level. Two
rods were preirradiated to burnups of approximately 4600 MWdit, and two were
unirradiated ‘uel rods.

The test procedure included: (a)nonnuclear heatups to e¢stablish the imitial test
coolant conditions, (b) a power calibration to calibrate test fuel rod power with reactor
power, (<) a nuclear conditioning to promcte fuel pellet cracking and relocation, and (d) a
single power burst to a reactor power of about 24 000 MW to simulate an RIA event.
Postrest examination of the test rods revealed that all four experienced cladding fulure asa
result of the power burst.

The PBF data acqusition and reduction system recorded measurements of the test rod
shroud fiow rates. test rod cladding 2iorngation, test rod and coolant temperatures, coolant
oressures, reactor power, and neutron flux within the in-pile tube.



The data obtained from this test have been subjected to a thorough review and
subsequently categonzed as qualified. restrained. trend, or failed data. The power burst data
are presented in the main body of this report and power calibration and preconditioning
data are included on the microfiche attached to the back cover.
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EXPERIMENT DATA REPORT
FOR TEST RIA [-1

(REACTIVITY INITIATED ACCIDENT TEST SERIES)

I. INTRODUCTION

The Thermal Fuels Behavior Program (TFBP) is one of several programs being
conducted by the Water Reattor Research Directorate of EG&G ldaho. Inc.. for the
U.S. Nuclear Regulatory Commussion. The TFBP performs an integral analvtical and
experimental studv of the behavior of nuclear fuei rods urder normal, otff-normai, ard
accident conditions in light water reactors. Data from the TFBP expenmentai effort are
used to deterrmune the completeness and accuracy of anaiytical models developed to predict
fuel rod behavior for 4 wide range of postulated reactor operating conditions.

The objectives of the TFBP Reactivity [nitiated Accident (RIA) Test Senes [ are 10
otermune fuel failure threshoids, modes, and consequences as functions of energy
depositions, irradiation history, and fuel rod design. For the RIA Test Series I, the pressure,
temperature, and flow rate of the coolant are typical of the hot-startup conditions in
commercial boiling water reactors (BWRs). These conditions were selected in order to
simulate the coolant conditions of the most severe RIA postulated - the BWR control rod
drop accident during hot-startup conditions.

Test RIA I-1 was the first of six planned RIA Series [ tests to be performed in the
Power Burst Facility (PBF) following th~ preliminary RIA Scoping Test (RIA-ST).
Completed October 7, 1975, Test RIA 1-1 had the following specific objectives:

(1) Characterize the response of unirradiated and preirradiated fuel
rods duning an RIA event conducted at BWR hot=startup
conditions

(2) Evaluate test instrumentation response during an RIA test.

The test train assembly compnsed four individual rods, two preirmadiated and two
unirradiated, with 2ach surrounded by a separate flow shroud. The test sequence consisted
of (a) nonnuclear heatuos to 2stabiish test coolant conditions. (b)a power calibration to
calibrate test rod power wath reactor power. (<) a preconditioning period to promote fuel
peilet cracking and restructuring, and (d) a single power burst o aitain a reactor peak power
of about 24 000 MW.

This report presents the data from Test RIA 1-1 in a form readilv usaple by the
auclear community in advance of detailed anai* s and interpretation. The data have been
subjected to a thorough review ind categonzed as qualified, restrained. trend, or failed darta.
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Power burst data are presented in Section [V and power calibration and preconditicning
data plots are included on microfiche attached to the back cover of thus report.

Section I of this report presents the system configuration, pro\:chures, initiai test
conditions, and events that are specific to Test RIA 1-1; Section [II provides bnef
descriptions of test instrumentation: and Section [V presents information necessary for data
interpretation. Appendix A describes the methods used in applying posttest corrective
adjustmerts to the data and subsequent qualification: and Appendix B presents a guide to
the unc rtainty associated wath the data.



Il. SYSTEM AND EVENTS FOR TEST RIA 1-1

The foilowing svstem configuration, procedures, and events are specitic to
Test RIA -]

I. SYSTEM CONFICURATION

The Power Burst Facility (PBf) s located at the Idaho National Engineenng
Laboratory. The PBF reactor, shown in Figure |, is contained in an open tank reactor vesse.
and consists of a dnver core and a flux trap. A pressunzed water coolant flow loop provides
a wide range of coolant ¢onditions in the flux trap test space.

The PBF core s a nght-circular annulus 1.3 m in diameter and 0.9]1 m in length,
enclosing a centraily located vertical flux trap 0.21 m in diameter. This core has besn
designed for steady state anu power burst operation. The core conrains eight controi rods
for reactivity control duning steady state operation. Duning power burst operation, the
control rods and four additional transient rods dynamicaily control reactivity. Each of the
control and transient rods consists of a stainless steel canister which contains a cvlindncal
annulus of boron carbide and is operated in an air-filled shroud. A cutaway view of the PBF
core is shown in Figure 2.

An in-pile tube (IPT) fits in the central flux trap region and contains the test train
assembly. The IPT is a thick-walled, [nconel 718, high strength pressure tube designed to
contain the steady-state operating pressure and any pressure surges from test fuel rod
fallures. Any conceivable falure of the test fuel during the test (such as cladding failure,
gross uel melting, fuel-coolant interactions, fuel faiiure propagation, fission product release,
or metal-water reactions) can be safely contained by the PBF IPT without damage to the
dniver core.

A flow tube is pos:noned inside the 17T to dir.ct the coolant flow. Coolant flow
enters the top of the [PT 2s0ve the reactor co e and flows down the annulus between the
[PT wall and the tlow tube. The flow reverses at the bottom:, passes up through the test trun
assemblv, and exits above the reactor core at the [PT outlet. The {low tube consists of an
upper stainless steel section, a center zircaloy-2 section for neutron econumy in the .. °*
fuel. and a lower catch basket section for a heat sink and coilection of fuel fragments. A
nitrogen gas annuius is provided between the [PT wall and aluminum core filler piece
because of the temperature gradient between the two. A radial cross section of the [PT in
the reactor core area is shown in Figure 3.

The loop cooiant system provides cooling water for the [PT at controilable pressures.
temperatures, and flow rates. For Test RIA 1-1. this system simulated the hot-startup
coolant conditons of a BWR. The system includes a pressunizer, 2 pump, heat 2xchangers
for removing the ¢nergy transferred "o the cooiant by the test fuel, a flow control vaive,



’ W\ Y .ﬂ. b - e
.vm.,,\»,.iln..,....«;

/,t\\d.nf'r‘i.t i 4‘ ol >
IJH L9 =k
.-T...‘ &L ‘ ,
/ ’r

AN



— Transient rod air shroud
~ ~Control rod air snroud

Fuel rocs — _~Hgid down

~Central fitler piece

~Core container

Transient
rod poison
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Oritice plate —
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INEL-A-10 228
Fig. 2 Power Bumst Faaility core - cutaway view.

acoustic fiiters and thermal swell accumulators to attenuate any pressure surgss from fuel
failure, and ¢lectrical heaters to contrel the inlet temperature.

The Battelle Pacific Northwest Laboratory four-rod test train assembly was used for
Test RIA 1-1. The tast train assembly positions the test fuel rods in the driver core test
space and provides support for a variety of test instrumentation hardware. Four
indenendently shrouded fuei rods were rigidly secured at their top end to the assembly, but
were (ree to expand axially downward. An axial cross section of Tzst RIA !-! test train
assembiv is shown in Figure 4, and Figure 3 is an orientation schematic of the test fuel rods.

»
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Insice diameter - aluminum core filler piece

Gas annulus (4 75-mm jap
Inconel pressure tube

{0 155-m nsige diameter
0.200-m outsice ciameter)
Zircaloy flow tube
(0.121-m inside diameter
0.127-m outside diameter)

INEL-A.3758

Fig. 3 Radial cross section of the PSF in-pile rube.

Five test fuel rods were used in Test RIA I-1. Two MAPI? fuel rods, Rods 801-1 and
801-2, were previously irradiated to a burnup o!f approximately 4600 MWd/ t in the Saxton
Reactor!. Three unirradiated fuel rods, Rods R01-3, 8014, and 801-5, were built by
EG&G ldaho, Inc. Rod 8014 was removed from the test assembly and replaced with
Rod 801-5 arter the power calibration and conditioning phases of the test were completed
but prior to the power busst. The rod designations and bumups are given in Table i. The
nominal design charactenistics of these fuel rods are listed in Tabie II.

The top end cap was removed from Rod 30l-1 and replaced with an end cap
containing a pressure transducer. The rod was then backfilled with 77.77% helium and
223% argon tc a pressure of 0.103 MPa. This gas mixture simulates the thermal
conductivity oi the fill gases, including fission gases in the MAPI fuel rods. Rod 801-2 was
not opened prior to testing. Unirradiated Rods 801-3, 801, and R01-5 were backfilled with

commercially pure helium to a pressure of 0.103 MPa.

a. The MAP! rods were 5uilt by Westinghouse Elecuric Co. and irradiated in the Saxton
Reactor for the Mitsubishu Atomic Power Industnes, Inc., Tokvo, Japan.
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Fig. § Tast ‘uel rod onentation schematic.

Individual zircalov<t flow shrouds, having 2 nominal inner diameter of 16.50 mm and
an outer diameter of 22.60 mm, surrounded each rod. An onfice plate with 2
6.95 = 0.025-mm diameter hole was located below each shroud.



TABLE !

TEST RIA 1-1 ROD DESIGNATIONS AND BLURNUP

Westinghouse Electric Average
Test RIA 1.1 Company Corresponding 8urnup
Rod [dentification Rod Ildentification (MWd/t)
201-1 M-42 4600
801.2 M3 4650
801-3 953 Unirragdiated
a01-4 951 Unirradiated
801-5 850 Unirradiated




TABLE II
TEST RIA 1-1 FUEL ROD DESIGN CHARACTERISTICS

Data are preirr-adiation values.

Irradiated s Unirradiated
Characteristics Rods 801-1, -2° Rods 801-3, -4, -5
Fue!l
Material UO2 w0,
Pellet outside diameter (mm) 8.%9 8.53
Pellet length (mm) 19,2 15.2
Pellet enrichment (wt4) 5.7 5.8
Density (% theoretical density) 94 %4.5
Fuel stack length (m) 0.914 0.914
End configuration Dished Dished
Cladding
Mcterial Zircaloy-4 Zircaloy-4
Tube outside diameter (mm) 9.9 9.33
Tube wall thickness (mm) 0.572 0.533
Yield strength (MPa) §70 §70
Ultimate strength (MPa) 700 700
Ffuel Rod
Gas plerur length (mm) a5.7 43.7
Insulator pellets None Nene




2. EXPERIMENT CONDUCT

Test RIA 1-1 compnsed two heatup phases, a power calibration and preconditioning
phase, and the power bun*

2.1 Heatup Phases

Prior to nuclear operation for both the power calibration and preconditioning phase
and the power burst, the [PT system coolant conditions were established at 6545 MPa
pressure and 538 K [PT inlet temperature. The flow rate through each test rod shroud was
adjusted to 0.76 /s for the power caiibration and preconditioning phases but was reduced {o
0.085 I/s for the power burst.

The [PT system coolant chemistry requirements were established dunng both heatup
phases and adjusted within the following limits:

pH range §.7to10.2

Specific conductivity 1.4to48 uS/cm
Dissoived oxvgen Less than 0.1 ppm
Chlorides Less than 0.15 ppm

Total suspended solids Less than 1.0 ppm
Instrumentation calibrations were also performed throughout the heatup phases.

2.2  Power Calibration and Preconditioning Phase

The power calibration for Test RIA 1-1 served to calibrate the thermal-hydraulically
determined test rod power with the reactor neutron detectoi chambers and the self-powered
neutrca detectors (SPNDs) mounted on the test train. The test rod power was calculated
from a thermal balance using measurements of the coolant pressure, iniet temperatures,
temperature increase across the test rod shroud, and the flow rate inside the shroud.

Test rod conditioning was accomplished by several cycles of reactor power changes.
The power cvcles promote fuel peilet cracking and relccation, and contribute to fission
product inventory build up which improves cladding falure indication by the fission
product detection svstem during the burst testing. The reactor core power history during
the power calibrarion and preconditioning phases is summarized in Tabie II1L.

Following the completion of the power calibration and preconditioning phase, the

test train assembly was removed from the [PT and test Rod 301 was removed and replaced
with a fresh unirradiated rod, Rod 301-3. This exchange We to mde a rod for

1l é‘/? 52/



TABLE I!!I

CORE POWER HISTORY DURING THE TEST RIA 1-1
POWER CALIBRATION AND PRECONDITIONING PHASE

Duration

(minytes)

= o O

nNy 'O = (O

10

o

i2
11
15
12
13
24
40

Reactor Power
(MW) Comments

0
0 to 1.0 Start of power calibraticn

to 7.5

to 11.6

f—

to 15.

to 18.6

-
.
- s = - - - -
O O O O 4 = O D N N O O W n

to 25.5 to O Shutdown for plant adjustments

0 to 7.5

to 11.6

- =
Oy Oy '

to 0 Shutdown for plant adjusiments

~N - O O
or
(]
~3
wn

LIRS 1)

to 11.6



TABLE [!II (continued)

Duration

[minutes)

W s O B S ~
O O W O B W ~N N W W W W D s oW

Reactor Power

(MW)

11.
11.
18.
18,
18.
18.
¢ 48
22.
28.
25,
27.
27.

l

|
25,
2s.
1

|
22.
22.
1.

18.
18.
18,
5.

1
Aaw

11,

T S
. . .

.
MO O Oy in O O O O “= = O O

—-
L0 M Oy O ke e O DD Y OO Y Oy

to 15.1

to 18.6

to 22.0

to 258.5

to 27.0

to 1.7

to 25.5

to 1.7

to 22.0

to 18.6

to 15.1

to 11.6

to 7.5

to 4.0

Comments<

Power calibration comoletec
Additional preconditicning

Preconzitioning completed
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posttest burnup analvsis whuch had not received anv prefransient irradiation. The total
energy deposition during Test RIA [-! power buist will be determined from this burnup
analvsis later. The four flux wires mounted on the outer surface of each flow shroud were
also replaced at this time.

2.3  Power Burst

The test train assembiv was reinstalled in the [PT. test coolant conditions were
established, and a single power burst to 4 peak power of about -4 000 MW with a reactor
period of 3.1 ms was performed.

A reactivity balance method was used to initiate the power burst. This method
provides assurance that the controi and transient rods have not been grossly mispositioned
and no jotentally dangerous reactivity addition will be made. The sequence of events used
to complete the power burst are shown in Figure 6 and described as follows:

(1) The control rods were withdrawn from their shutdown positions
(Figure 6a) until criticality was achueved at about 100 W and the
low power critical position of the conirol rods was determined
(Figure 60).

(2) From that position the control rods were further withdrawn
until a reactor transient period of about 10 s was achieved. Then
the reactor power was increased until the plant protection
system was determined to be operating correctly. The control
rods were then inserted until the reactor was subcritical.

(3) The transient rods were inserted into the core to a position
calculated for the reactivity insertion required for the power
burst ( Figure 6¢).

(4) The control rods were then withdrawn again to reestablish
criticality at a low power levil (Figure 6d). The reactivity
inserted by the withdrawal of the control rods and the .Jorth of
the transient rods were compared for assurance that the
increment of control rod withdrawal determined for the power
burst was not grossly in error.

(3) The control rods were adjusted to the withdrawal position for
the desired reactivity insertion.

(6) The transient rods were then fully inserted into the core
(Figure Se).

(7Y To initiate the power burst, all four transient rods were 2jectad
at a velocity of about 950 cm/s (Figure 6f). The power burst was

14 r K7
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self-terminating by Doppier reactivity feedback which is capable
of terminating the burst without primary dependence on
mechanical systems. All eight control rods were completely
inserted into the dnver core immediately foilowing the compie-
tion of the burst to provide 3 mechanical sautdown of the
redetor,

Test rod instrumentation and the fission product detection system indicate that the
test fuel expenenced cladding failure. Posttest examination revezled that all (our of the test
fuel rods failed dunng or following the burst.
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III. INSTRUMENTATION AND MEASUREMENTS

Instrumentation for Test RIA 1-1 was designed 0 aid in determuning tuel rod response
charactenstics and failure mechanisms during an RIA event. The measurements presented in
this report have been divided into three instrumentation sections: (a) fuei rod, (b) test train,
and (¢) plant.

. FUEL ROD INSTRUMENTATION

Irradiated Rod 801-1 was instrumented for measurement of the internal gas pressure,
cladding surface temperature, and ciadding elongation. Unirradiated Rod 801-3 was fully
instrumented for measurement of the internal gas pressure, cladding surface temperature,
fuel centerline temperature, plenum tempereture, and cladding elongation. Rods 801-2,
80144, and 80! § ere instrumented only for cladding elor sation

The fuel rod instrumentation is further specified in the following description and the
geometrnic orentation is shown in Figure 7. The measurement identifiers are included in
parentheses and provide an abbreviated description of the measurement made, its
onentation or position, and transducer manufacturer or range. The last two characters
identify the measurement as a test traia irstrument (TT). a plant instrument (PT or FP, for
fission product detection system), or a test rod number.

(1) One moiybdenum-rhenium sheathed, tungsten-rhenium thermo-
couple (FUEL TMP 79 037 was located at 0.790 m above the
bottom of the fue' stack of Rod 80!-3 to measure the fuel
centeriine temperature.

(2) One EG&G Idaho, Inc., stainless steel sheathed, magnesia insul-
ated, Type K therm couple (PLNX TMP 03) was located at the
centeline of the spring in the upper plenum region of Rod 30!-3
to measure the plenum gas temperature.

(3) Two EG&G ldaho, Inc., titanium sheathed, magnesia insulated,
Tyre S (platinum/10% rhodium-platinum) cladding surface
thermocoupies with spaded junctions were installed on each of
Rods 801-! and 801-:. The thermocoupnies on irradiated

= Rod 301-1 were resistance weided to the cladding outer surface
0.46 m from the {uel stack bottom at !30-degree azimuthal
orientation (CLAD TMP 46-18001). and 0.79 m from the fuel
stack bottom at zero-degree azimuthai orientation
(CLAD TMP 794 01). The unirradiated Rod 301-3 thermo-
coupie; were laser welded to the cladding outer surface 0.46 m
from the fuel stack bottom at zero-degree azimuthal orientation

1~ “ '
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Fig. 7 Test fuei rod instrumentation onentation schematc.

| {(CLAD TMP 46-0 03), and 0.79 m from the fuel stack bottom at

| | 30-degree azzmuthal orientation (CLAD TMP 76 130 03). The
zero-degree azimuthal position of each quadrant is toward the
center of the assembiy.



The test train hardware provided sugport for a vanety of measurement devices whuch
pnmarily provided information on the coolant vanables and neutron flux in the in-pile tube.
The ta<i train instramentation is shown in Figure 3 and specified in che foillowing
descniption.

All of the test trun thermocoupies were stainiess steel sheathed, magnesia insulated,

One 6.9 MPa Kaman Sciences Corp. pressure transducer was
mounted cn Rods 30!-1 (ROD PRESA.9 KAOQl) and 801-3
{ROD PRES 6.9 XA 03) to measure rod internal pressu ¢ in the
upper pienum.

2. TEST TRAIN INSTRUMENTATION

and supplied by Controi Products Corporation.

(1)

3

(4

inl

A Chromel-Alumel, Tvpe K. thermocouple was mount-d at 2ach
fuel rod flow shroud iniet to measure the cooi.nt inlet
temperature (INLT TMP 21, 02. 03, 04/095).

A Chromei-Alumel. Tvpe K, thermocuuple was mounted at 2ach
fuel rod tlow shroud outlet to measure the coolant outlet
temperature (OUT TEMP 01, 02, 03, 04,05).

Two paired Chromei-Alumel, Type K thermocoupies, cne [oca-
ted at the fuel rod shrcud inlet and the other at the outlet,
measured the temperature rise in the cooiant (DEL TEMPOI,
02, 03, 04/05).

Three coolant pressure transducers, a2 63-MPa EG&G [daho. Inc.,
a 17.2-MPa Kaman Sciencss Corp., and a 17.2-MPa Schaevitz
Engineening, were located above the fuel rod flow shroud outlets
in the upper test irun 0 measure the transient pressure response
and normal system pressure (SYSPRESéE3 EG UTT) (SYS
PRES 17 KA UTD (SYS PRESSCHAV UTT).

Four Kaman Sciences Corp., coolant pressure transducers wers
connected with tubing to the axial power peak locatir i f th
fuel rod flow shroud intenors to measure ndividual shroud
transient pressure puises generated dunng the burst and bv fuel
rod idure (SERD PRES |7 KA 01. 02, 03, 04,09).

A Flow Tecanolegy, Inc., turbine lowmeter, iocated it the iniet

of 2ach fuel rod flow shroud. measured the voiumernc flow rats
in 2ach shroud (FLOWRATE INLET C!. 02, 03, 04,0%).

19
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(8

(9)

The plant instrumentation i»:luded measurement of the PBF driver core power and
the exper'mental loop coolant pressures. lonization chambers sensitive to gamma and
neutron raliation provided steady state and transient operating information, and their
locations a:* shown in the driver core cross section, Figure 9. A simpiified schematic
diagram of t! e experimental loop showing the locations of pressure transducers and the
fission produci detectors is presented by Figure 10. The fission product detection system
(FPDS) withdrew' a continuous sample stream from the cooiant loop near the [PT outlet and
monitored the sample for fission products which would indicate test rod failure. The
coolant transit time from the [PT to the detector locations was approximately 3.2 minutes.

An EG&G ldahe, Inc.. vanable differential transtormer was
mounted below the lower end of ¢ach fuel rod to measure the
cladding axial elongation (CLAD DSP Q1. 02, 03, 04/05)

A flux wire was mounted on the outer surface of 2ach fuel rod
flow shroud at the 180-degree orientation to measure the
integrated neutron flux. Flux wires with 0.517% cobalt and
99 49% aluminum content were used dunng the power calibra-
tion and preconditioning phase. These wires were removed and
replaced with 100% cobalt wires before the transient power
burst. The resuits of these measurements will not be presented in
this report.

Ten ARI Industries seif-powersd neutron detectors (SPNDs)
were located in two vertical columns [80-degrees apart in
Quad-ants | and 3 to measure the relative neutron flux. The
der- :tor midpoints in each quadrant were located 0.09, C.27,
N1, 0.64. and 79.82 m above the bortom of the fuel stack
(NEUT FLX 9. 27, 46. 64, 82-Q1 TT) (NEUT FLX 9, 27, 46,
64, 82-Q3TT.

3. PLANT INSTRUMENTATION

The plant instrumentation is specified in the following descniption.

(1)

(2)

One 2.5- by 2 8-cm Nal crystal gamma ray detector was used to
determine the gross gamma count rate in the sampie line before,
during, and after fission product release. The output from this
detector was (ed into two single channel analyzers. One analyzer
(FP GAMMA, NO. | FP) measursd the gzamma-ray intensity in
the 130- 1o 3400-xev energy range and the other (FP GAMMA
NO. 3 FP) in the 3400- to 6300-kev energy range.

One 76- by 7.5-cm Nal crvstal gamma ray detector (FP GAM-
MA NO. 2 FP) did not view the sampie stream but measured the
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Fig. 9 Radial cross section of the PSF reactor core wath ionization ~hamber locations.

effectiveness of the detector enclosure shielding against direct
reactor radiation. This detector measured the gamma-ray inten-
sitv in the [ 50- to 6300-kev energy range.

One BF; delaved neutron detector (FP NEUT FP) was used to
detect delayed neutrons in the sampie stream.

Two Westinghouse Electric Corporation. WX-31994, ritrogen
filled ionization chambers, TR-1 [(REAC POW 3Q0TRIPT) low

-
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(6)

(7

(8)

range, (REAC POW SOKTRIPT) high range] and TR-2 [(REAC
POW SOTR2PT) low range, (REAC POW SOKTRIPT) high
range) were designed to mezasure power transients to 32 GW.
Chambers TR-1 and TR-2 are located outside the core barrel at
about 333 degrees and 145 degrees, respectively, from the
reactor north.

Two Westinghouse Electric Corporation, WX-31845, evacuated
ionization chambers, EV-1 [{REAC POW S0EVIPT) low range,
(REAC POW SOKEVIPT) tugh range] and EV-I [(REAC
POW S0E* 2PT) low range., (REAC POW SOKEVIPT) high
range] were designed to measure high power transients to
200 GW. Chambers EV-1 and EV-2 are located near the north
and south comers, respectively, of the reactor core support
structure,

Three American Standard Norwood 103-MPa air-cooiled pressure
transducers, PT-22 (LOOPPRES 5-22PT), PT-34 (LOOP-
PRES 5-34 PT), and PT-35(LOOPPRES 5-35 PT) were to
measure any large pressure surges in the coolant loop.

Three American Standard Norwood 34.5-MPa air<ooled pressure
transducers, PT-20 (LOOPPRES 3-20PT), PT-21 (LOOP-
PRES 5-21 PT), and PT-23 (LOOPPRES 5-23 PT) were also
measuring ¢oolant loop pressure surges.

Two Precise Sensors Inc.. 34.5-MPa pressure transducers,
PT-24 (LOOPPRES 5-24 PT) and PT-25 (LOOPPRES 5-25 PT)
measured surges propagating further into the coolant loop
piping.



The data from Test RIA I-1 are presented with brief comment. The processing
analysis has been performed only to the extent necessary to obtain appropriale engineering
units and to ensure that the data are reasonable and consistent. All the data in this report
were subjected to a thorough review by companng instrument channel outputs with
duplicate measurements, calculated parameter values, initial conditions, and pre- s.ad
postcalibration results. Appendix A describes the methods used to determine the adjust-
ments that have been applied to the presented data and provides the basis for categonzing

IV. DATA PRESENTATION

‘he data as follows

(1)

(2)

(3

(4)

All detector analog ouput was digitized and recorded by the PBF data acquisition and
reduction system (PBF DARS). The PBF/DARS tape recording system was coniigured to

Qualified engine¢nng unit data (QEUD) have been gqualified to
represent the vanable being measured within specified uncer-
taintv limits

Restrained data — appear reasonable but are not within certainty
limits, or data are not availabie from an independent channel for
companson

Trend data - are suitabie for illustrative purposes but probably
not for numerical analysis

Failed data —are irretrievable due to a transducer, signal
conditoning, or data channel failure or inadequate rejection of
extraneous noise, transients, or frequencies.

record at four different bandwidths:

(1)

(2)

(3)

(4)

Table IV lists 2ll the 1aeasurements included in this report, specifies the measurement
location and instrument tvpe. indicates detector range and frequency response and
PSF'DARS recording range "nd bandwidth, references the measurement to the correspon-
ding figures, and lists rhe qualification category of each data segment. Data that have been

dcto 10 Hz

dcto 100 Hz

dcto 5 kHz

dc to 20 kHz.

fully qualified as QEUD have been so noted in the figure caption.



TABIE IV

CATA PRESENTATION FOR TEST RIA -0

trequency Response

Range
Data
Data Acquisition Acquisition
Mo ar o il Local ton av ' (oaments Betecton System Detector Syslem Figure Data Qualifical gm."

Fuel Rod

peL e e 08 Tungsten- oy heniun heree - SO0 to 2800 K 500 te W00 K 350 W 100 Mz il From -5 1o 0.4 5 Gt
couple to measure fuel 0.4 10 40 s Trenab
center Fine temper sture on K L
Koo BOL-3 located 79 (m
above bottom of fue) stack.

i M M 03 Chsome! Alumel (Type K) 273 to 1309 K 0 te 1100 350 e 100 1 12 ogEun
thermocouple Tucated in 1 OFun
wpper plenum of Rod 801-3
Lo weasure Lewmpes ature,

CLAG IMP 4618001 Khodwe/plat imea (Type S) 478 to I8)) K 0 to 2250 X 350 He 100 Mz 13 From -0.5 to 0.4 ¢ QE U
thermocouple located on 0.¢ to 2 Farlegh
Rt 801-1, 46 e above 4 From -5 to 0.4 QEnn
boltow of fuel stack, 1809, 0.4 1o 25 Farledb
to measwre < ladding OEUD
Lemper atur e,

CLAD tMF 790 01 Type S thermocouple located 4’8 to 1811 K 0 1o 225 K 350 W2 100 Mz 15 QF oD
on Rod BOY-1, 79 cm above 16 Qtub
bottom of fue) stack, 0O £l HEun
to messure cladding
tewper atm e,

CLAD TMP du-0 03 Type S thermocouple Yocated 4’8 to 1811 K 0 to 2250 X 350 e 100 Wz 17 From -0.5 to 0.4 s Geun
on Rod 8o, -3, 46 (m above 0.8 10 25 Faileal
bottam of fue! stack, 09, b from -5 to 0.4 ofuh
to measw e « ladding 0.4 1o 25 s Faileab
tomper ature ., Fl Otun

CLAD IMP 29 15003 Type S thermocouple located 8 ta 1B X 0 to 2750 X 380 Wz 100 Hz 19 nLup
wn Rod BOT-3, 79 «m ahove 20 GEup
bottom of fuel stack, 1809, Gl QD
to measure Cladding
Lemperalure.

ROG PRES 6.9 KA OF A 6.9 M'a Kaman SCiences 0 1o 6.9 MPa 0 to 6.9 WPy 58 khz 5 ke 21 Trond'
Corp. presswe transducer 1o 1} Trendd

measure toternal pressure in
the upper plenum of
Rod B8O1-1.

A POOR ORIGINAL




Mo asit ement

Fuel Rod {cont taned)

Kolr PRLS 6.9 KA D3

Test Train

o

(L1

(2

el

(111

(L8]

I

1L

L

oMy

1, 4

Tem

Tty

IeMe

e

Tew

Tempe

ul

02

0

=F

o

03

%

{1

(18]

Locatic. and Comments

A 6.9 MPa Kaman S lences
Corp. pressure transducer Lo
measure Internal pressure in
the upper plenas of

Rod 801-3.

Type K thermocouple losaled
near the inlet of each flow
shroud Lo measure coolant
inlet Lemperature.

Iype K thermocouple located
aear the outle’ of each flow
shroud Lo meéas e coolant
oul lel tempe o we.

A pair of Type K thermo
couples, one located at the
inlel and one at Lhe oullet
of each rod flow shroud Lo
weasure the coolant lemper-
ature rise,

213

213

213

213

273

to

to

Lo

to

to

to

to

to

to

o

te

to

Ranye

1309 &

1369 ¥

1308 x

1309 x

1309 K

1309 K

1309 x

1309 K

23K

23k

23Kk

0

300

300

W ¢

S0

to

to

to

to

to

to

to

to

TABLE IV (cont inued)

Bata Acguistition
_System

6.9 Wy

1000 K

1000 &

1000 X

1000 X

10060 K

1000 K

1000 »

20K

0K

K

20k

Frequency Response

Detector

S

350

3o

350

150

50

3%

150

350

%0

50

%0

350

POOR GRIGINAL
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Mo asur o nt

L

-
|-

ton_and Comments

Test Train (oot baved)

FOWRATE INCET

HoomeAll INE)

CLAD DSP

CLAD DSy

CLAD BSP

CLAD DSP

(15}

(L]

ol

al

05
U4

NEUD FIX 990 1T

NEUT FLR 270 0

NEOT FLX 40-0) 1T

MEGT FLE B4 ) 1T

A lioear variable ditfer-
ential transformer wounted
at the lower end of each
fuel rod to svasure cladding
axlal elongation,

Selt powered neulron de-
tector (SPMD) located
Quadi ant 1, 0.09 = above
the bottam of the fuel stact
Lo measwre the relative
nevtron flux.

SPNE 1o Quadrant 1, 0.7 w
abuve bottom of tuel stack,

SPAND e Quadrant 1, 0.46 w
abuve botlam of fuel stack.

SPND in (uadvant 1, 0.64 &
above bottam of fuel stack.

0

-12.7

22.7
-12.7

~12.7

. Range

Deted tor

L 0.82 /s
Lo 082 /s
to 12,7 am
to 12.7 mn
to 12,7 sm
o 12.7 mm
to 1 ma

to 1 wa

to 1 wa

to 1 e

TAELE IV (cont inued)

Data Acguisition

10-8

108

Systaw

to 082 1/s
to 0.82 /s
te 75 um

to 25 wm

to 25 wen
w25 am

to 1 wa

to 1 ma

to 1 wa

to 1 wa

'POOR CRICINAL

Frequendy Kesponse

Deter tor

120 W2

120 He

1.5 kM2

5 kMz

3.5 Mz

1.5 Wz

350 Mz

350 Wz

350 Mz

350 Mz

ata

Acgursition

System

106

100

-

w

He

Hz

kHz

Wz

Mz

iz

(11F]

ki

L11F

U

Figure

aa
(2
a5
%!
i
4
48
(3

49

b3

£3

ti

G

i

41
13

Data Qualificat ion®

From 0.0
0,00
from 2
RURLUTE]
Freom <00
0.003
Frim -2
0,003
Power burst
Power burst
Power Lur st
' 4

1o
o
to
to

to -

to

to -0,

to

>

Y
Fatled)
A0
Farled)
Gtuo

Gtun
Falled)
Aty
Farlead
Ty

O U
iy
€U0

QLuh
aLun
Failed*

Fatlegh
Trend

Fatledy
OEun

Fatlead
oo

Nestrained®
QEto

Restraine®™
QEUD



TABLE IV (¢ omt apmedd)

Frogquency Response

Ravge :
Pata
Data Acquisition Acquisition »
Mo asun vt Location and Comment s Petedtor Sy itom Peted tos Sestlom Fagu _Data GQualificat ion
Test Tram [cont i)
NUT HLX BGY 1 SEND tn Quath ant 1, 082 ® 0 o 1 me 108 10 I ma 150 Mz S KMz Power burst Farledd
above Bottam of fuel stack. gt . otun
NLUE (PR 9 g N SEND in Quadrant 3, 0.09 m 0 o 1 me 10°8 o ) wa 50 Wz 10 k2 Power bur st "
ahove bottam of fuel stack, by OF L
MOUT RLE 27yt SPND 1 Guadiant 3, 0.27 m 0 e ) me 108 to 1 wa 340 He U Power burst n
abuve Lottem of tuel stack, % U o un
NEUT BLE A6 Y 11 SPHD e Quadvant 3, 0,46 w Gt to 1me 108 o 1 ma 350 Nz 10 ks Power burst "
abuve bottaw of fuel stack. My QEup
(TR B ST TR SPND e Quadvant 3, 0.64 w 0 1o 1 me 10°8 to 1 ma %0 He 10 kM2 Power burst n
shove bottam of fuel stack. Nl Ui on
NEHL BLX B0 1T SPND v Quatvant 3, 0,82 w 0 to ! ma 10°8 10 1 ma 350 He 10 k2 Power burst "
sbiove bottm of fuel stack, 3 LD
Filant
KEAC VoW SaRIpel Tontzat lon chamber Yocated 0 o 2Gd 0 to S50 M 25 ke 5 k2 i Kestrainea?
oulsiite the reactor core
barvel about 335 degrees
tram the reacltor north to
measwie reaclor steady state
power.  Low range
vlectronics.
REAC POM SO TRAPT Bigh range electronics to 0 to ¥ 6w LU | S0 G *S k2 S kM2 52 HEup
Wweasui e reactor transient
Power
REAC PO S0TR2P lont zat ton chamber Yocated 0 to 32 GN 0 to 50 M 5 Kz 5 kiz 84 Trena!

oul side the reaclor core
Larvel ahout 145 degrees
from the veactor north to

measwre reaclor steady stats -."‘ P .
power . Low range ﬁi o «‘
electronics. iNA !

L1



Me s cment
Flant (cont tmcd)

KEAL PUM SUK IRIPT

KLAL PO SORVIPT

NEAL PUM Siatviel

KEAL PuM SoeveeT

HEAC POM SOREVIRT

FP GAMMA W), | 1P

P GAMA MO, 0 P

tocation and Covmenls

High range electronics to
weasure reactor transtent
puwer .

Evaivaled ronization (hamber
located Just outstde the
north corner of the reactor
core Lo measure reactor
steady stale power. Low
range electronics.

High range electronics to
weasure reaclor Lransient
puwer .

Evacuated tonlzation
chamber located just out-
side the south corner of
the reactor core Lo Weasure
reactor steady state power,
Low range electronics.

High range electronics to
measure reactor tronslent
power .

An analyzer wessuring 20.3-
vay tntensity in the 150 to
400 keV ener  vange from o
2.5 by 3. 8-cw Coystal
delector lacate. o the fis-
ston product detection
syslem,

An analyzer measuring gerwa-
vay intensity fn the 150 to
6300 keV energy range from a
7.6 Ly 7.6-cm Nal crystsl
delector Tocated in toe Fis-
ston product detect lon
system,

10

10

TABLE 1V (cont toued)

Range
CAcguisition
Retector cysten
to 32 Gw 0 to % oM
to 200 e 0 te SO Mw
to 200 GN 0 to S0 W
Lo 200 GM 0 to 50 M
to 200 G 0 to 50 G
to 106 cts 10 to 106 cis
to 106 cts 10 to 106 cts

POOR ORIGINAL

_Frequency Response

Detec tor

»5 kM2

>S5 kM2

5 KWz

»5 kM2

»5 WMz

Data
Acquisition
System

S Wz

5 kM2

5 kg

5 Az

5 kiHz

10 Mz

10 He

Figure

ca

53

4

54

55
(2]

56

Bata Qualificat m_n‘

Power Calibrat on

fairlead

QEun

QEun

GEun

otun

Te o+

Tree

Trend®

Failegh



TAGLE IV (cont inued)

Frequency Response

= Range
Data
Data Acquirsit tun Acquisition
Measir cunt Lovation amt Comments Detiotor : Systew Petector Systew I igure Data (ualif ic st 1on®

Flant (cont baed)

P OGAMMA MO, 3 EP An analyzer -rnunng’z-.- 0 e 0 as 10 to Wbcrs -- 10 Mz Farlegk
vay intensily In the 3400 to
6300 heV envrgy ronge from
the same delector used by 1P
CAMMA No. | FP.

Ly bl v A BFy de ' ayed neutvon 0 te 100 crs 10 o Wobors - 10 Wz 87 Trend®
tector used to detect F] Trend®
de laye d neutrons in the
Fisston ot detecton
systom comple stream.

LOuP PRES 5-20 P1 Aty cooled Norwood pressure 0 o M5 Wa 0 to 4 W -~ o6 1y 58 Teena't
transducers to measwre

LOOP PRES 521 P coolant loop pressure 0 1o 4.5 Wa 0 to M Wa -- 100 e 59 Trentd
Surges.

LG PRES 522 0T 0 1o 103 MPa 0 to 34 Ma 100 Wz o Trenad

LOOF PRES 5 23 VI 0 e 345 W 0 to 4 Wa 100 e 6l Trendd

LOOP PRES S5-24 P 0 e NS wW, 0 te W w,s .- 100tz 62 Treattt

LOOP PRES 5-25 PI J to 34.5 W, 0 to 34 WP -~ 100 W 6 Ten®

LOOP PRES 534 P 0 to 103 Wa 0 to 34 Wa - 100 W 64 Frendd

LGP PRES & 35 2 0 to 103 Mi's 0 te 34 WP .- 100 e Faitedh

a. bor alt power cabibration and preconditioning plots presented on microf iche, data were not recorded from 6.2 1o 8.2 hours and trom 11,1 to 12.0 hours.

The reasctor was

al zevo power during these tntervals,
Visual cxaminatron revealed Lhese thermocouple Junclions Lo be effectively destroyed by Lhe power burst,

The vod pressures were set Lo 2000 prior Lo nuc “peration to give an indication of pressure incresse.  The uncertainty level is high due to very large offsets belween
stmilar channels.

Ihe data display a strong negal tve Lime dependent drift,
The signal Lo nolse ratio was too low,

Mhese aressure measuremonts are restrained because of excessive hysteresis noted during hydrostalic tests. A preburst and prepower calibration offset has been applied

Lo norwalize the messurament Lo 8 calibrated loop pressure gage.
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The data graphs. Figures || through 64, for the power burst are presented on the
subsequent pages of this report. Time zero for the power burst data is the ume of peak
reactor power. The power calibration and prec. nditioning data are included on microfiche

which is attached to the back cover of this report. The scales selected for the graphs do not
retlect the obtainat.2 resolution of the data.

Appendix B is an analysis of selected data which provides a guide to the uncertainty
associated with data measurements in the PBF system.
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APPENDIX A

POSTTEST DATA ADJUSTMENTS AND UUALIFICATION

Many of the instrumentation transducers used dunng the conduct of Test RIA i-1 are
recognized to have the potential for responding erroneously, in varving degrees, to
extraneous environmental stimuli such as pressure, temperature, neutron flux. gamma
radiation, vibration, and mechanical strain. In addition, the data acquisition and recording
svstem and the signal conditioning equipment may also have contnbuted unwanted or
distorted signals to the measurement channel while the transducer output was being
processed and recorded.

Although the 2rrors int.oduced into the data by these spurious secondary inputs
generally do not exceed the specified error ranges of the transducers. significant
improvement in measurement accuracy can be achieved if the secondary sensitivity can be
identified and removed. Since the exact values of the spunous inputs to which different
transducers might be sensitive cannot be easily pre licted and are sometimes inconvenient to
measure, secondary effects have been accounted for by correcting the data after the test.

Data acquired at the PBF during the performance of the Thermal Fuels Behavior
Program testing are appraised by a data integrity review cominittee for quality and vali® v
The apprasal process determines whether the measurement channel output represents  :
phenomenon being measured. The data revicw and exami .don process ascertains that
verified calibration 2quations have beer. pplied and that offsets and corrections have also
been applied to remove any identifiable spurious secondary effects from the data. As 3
result of the review and examunation by the review committes, each measuremen: is
assigned one or more of the following classitications as a function of time.

(1) Qualified ergneering unit data (QEUD). These data represent
the phenomenon measured within the defined uncertainty limits.
These data must meet the following criteria: (2) verified calibra-
tions and all corrections have been applied, (b) independent data
was used for comparnison with this dat. and agreement was found
between the data during the peniod of interest withun specified
uncertainty limits, (¢) verified engineering unit conversion equa-
tions have been applied, and / ') uncertainty Lmits have been
established and can be verified.

{2) Restrained. These data represent the phenomenon measured
with one or mors of the following constraints: (a) veriried
calibrations have been applied but not al’ corrections have been
made. (b)offsets and corrections cani ot be adequately deter-
mined, and (~) uncertainty limits have he:n established but
cannot be adequately verified.

Lw N
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(3) Trend. These data have been verified to reprcient the relative
changes in the phenomenon but do not necessani.y represent the
absolute leve! in the measured phenomenon due to: (a)in-tru-
ment calibrations do not adequatelv represent the environment
measured by the transducer, (b) the calibration and pertormance
of the DARS are questionable but known errors have been
eliminated, (¢) uncertainty limits canrot be adequately quanti-
fied, (d) transducer performance is questionable but relatively
correct, or (e'no corrections can be made, to adequately
compensate for environmental effects. The data have met the
following criteria: (a) instrument and DARS calibrations have
been applied, (b) wild points have been removed, (c) data have
been approptiately filtered, and (d) relative uncertainty limits
have been defined.

(4) Failed. Data are irretrievable due to a transducer, signal
conditioning, or data channel failure or inadequate rejection of
extraneous noise, trnsient, or frequencies.

Voitage insertion calibrations are made on ail measurement channeis at the start and
conciusion of each test period in the PBF. The corrections and offsets applied to the data
are based on pretest and posttest calibrations performed on all measurement channels. The
linear offset adjustments and electronic gain changes applicd to Test RIA 1-1 data per the
review commit tee approval are presented in Table A-L



TABLE A-T
POSTTEST DATA ADJUSTMENTS

Electronic
Qffset Correction Gain Correction
Praconditioning Preconditioning
and Power Powar and Power Power

Measyrement Calibration Burst Calibration Burst
Fue! Rods
FUEL TEMP 79 03 0 0 0.98 0.98
PLNM  T™MP 03 0 0 0 1.0
CLAD T™MP 46-18001 62.6 K 14,0 K 1.0 1.0
CLAD ™P 790.0 01 52.6 K 7.0 K 1.02 1.0
CLAD T™P 45.0 03 73.6 K 0 1.0 |
CLAD T™MP  79-18003 62.6 K 7.0 K 1.0 1.0
ROD PRES 6.9 KA 01 § 45 MPa 5.1 MPa 1.0 1.0
ROD PRES A.S KA 03 7.0 MPa 8.0 MPa 1.0 1.0
Test Train
INLT T™MF 01 0 0 1.0 1.0
INLT ™P 02 -3.0K 3.0 K 1.0 1.0
INLT T™P 03 0 0 1.01 1.01
INLT TMP 0a/08 -1.0K «1.0K 1.01 1.01
ouT TEMP 01 0 g 1.015 1.018
ouT TEMP 02 0 0 1.0 1.01
ouT TEMP 03 0 0 1.005 1.005
nuT TEMP 0a/05 -1.0K -1.0K 1.01 1.01
DEL TEMP 01 <0.9K -0.3 X 1.0 1.0
DEL TEMP 02 9 «0.7 K 1.0 1.0
DEL TEMP 03 <2.0K 0.8 K 1.0 1.0
DEL TEMP 04/C5 0.25 K -0.6 K 1.0 1.0
SYS PRES 69 EG UTT 0.66 MPa 1.2
SYS PRES 17 KA UTT 0.76 MPa 0.38 MPa 1.0 1.0
SYS PRES SCHAY UTT  -5.78 MPa 1.0
SHROPRES 17 XA 01 -1.59 MPa 0 1.0 1.0
SHRDPRES 17 KA 02 2.71 MPa 1.02 1.0
SHRDPRES 17 KA 03 -2.43 'Pa «1.3 1.02
SHROPRES 17 KA 04/05 5.27 MPa 0 1.0 1.0
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TABLE A-I (continued)

Electronic

Qffset Correction Gain Correction
Preconditioning Preconditicning
and Power Power and Power Power

Measurement Calibration Surst Cali. ration Burst
Test Train (continued)
FLOWRATE INLET 01 0 0 1.0 1.0
FLOWRATE INLET 02 0 0 1.0 1.0
FLOWRATE INLET 03 0 0 1.0 1.0
FLOWRATE INLET 04/05 0 0 1.0 1.0
CLAD DsP ol 2.74 mm 6.75 mm 1.0 1.0
CLAD osP 02 3.01 mm 7.3 m 1.0 1.0
CLAD ose 03
CLAD osP  04/08 2.90 mm 1.0
NEUT FLX 9-Q1 1T 0 1.6
NEUT FLX 27-Q1 TT 0 1.0
NEUT FLX 46-Q1 TT 0 0 1.0 1.0
NEUT FLX #64-Q1 7T 0 0 1.26 0.95
NEUT FLX 82-Q01 TT 0 1.0
NEUT FLX 9-Q3 TT 0 1.0
NEUT FLX 27-Q3 1T 0 1.0
NEUT FLX 46-Q3 TT 0 1.0
NEUT FLX 64-Q3 TT 0 i.0
NEUT FLX 82-Q3 TT 0 1.0
Plant
REAC POW SQTR1PT 0.002 W 1.0
REAC POW SCKTRIPT 0.2 GW 3
REAT POW S0TR2PT 0 3.0
REAC POW SOKTR2PT
REAC POW SOEVIPT 0 0 1.0
REAC POW SOKEVIPT 0.2 GW 1.0
REAC POW SQEV2PT 0 1.0
REAC POW SOKEV2PT -1.3 Gd 1.0
FP  GAMMA NO. 1 FP 0 0 1.0 1.0
FP  GAMMA NO, 2 FP 0 1.0
FP  GAMMA NO. 3 FP
FP  NEUT FP 0 J 1.0 1.0
LOOP PRES 5-20 PT -2,03 MP3 1.0
LO0P PRES 5-21 T -[.46 MP3 1.0
LOOP PRES 5.22 T -1.57 ¥Pa 1.0
LOOP PRES 5-23 T 1,44 MP3 -1.0
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TABLE A-1 (continued)

Qffset Correction

Electronic
Gain Correction

Preconditioning Preconditioning
and FPower 2ower and Power Power

Measurement Calibration Burst Calibration gurst
Plant /continuea)
L0OP PRES T 1.02 MPa 1.0
LOCP PRES o7 -1,01 MPa 1.0
LOOP PRES 5.3 PT 2.47 MPa 1.0
LOCP PRES 5-3 PT

€9



APPENDIX B
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APPENDIX B

UNCERTAINTY AMALYSIS

Analyses have been performed on selected representative data from the power burst
phase of Test RIA |-l to provide a guide to the uncertainty associated with data
measurements in the PBF system. Three possible sources of data measurement error were
analvzed - conversion to engineering unit uncertainties, bias uncertainties due to offset
applications, and random varations in the data. These sources are not inclusive of all the
uncertainties that may exist in most measurements and therefore should not be considered
indicative of the total uncertainty levels in the Test RIA 1-] data.

(1) Conversion to engineering unit uncertainties. Dunng the cali-
bration and development of engineering unit conversion
poiynomials, a value for the standard dewiation (o) of each
measurement was determined.

The first column of Table B-I lists these 2-g deviations assigned
to each measurement.

(2) Bias uncertaint es for applied offsets. All data in this report were

reviewed to determune the quaiity and vaiidity of the data. Each
measurement was compared with redundant or similar measure-
ments, calcuiated values, and initial conditions to determine the
required offsets or adjustments. The bias uncertianties are the
expected errors in the offsets that were applied to the data.
These 2-0 dewiations are listed in the second column of
Table B-1.

(3) Random vanations in the data. Representative data from
Test RIA 1-1 have been selected to provide a guide to variations
in the data determined from analysis of the data itself. The
selected data traces were empincallv fitted with a linear
difference equation, which was subject to a white noise input at
each sampling time point. The object of the empirical fitting
procedure was to characterize the white noise, which was taken
to represent the random variability. The procedures for fitting
the difference equation are discussed in depth in Reference B-1.
A data trace was often segmented and different equations were
fitted to each segment with statistical correlations between
successive observations accounted for by the fitting procedure.
The white nocise input was assumed to arise from 2 normally
distributed population. The standard dewation of the white
noise as Jdenved from the fitting procedures was taken is an
estimate of the random uncertanty standard dewviation, ind has



TABLE B8-1
MEASUREMENT UNCERTAINTIES FOR TEST RIA 1-1

Engineering Unit 8ias for Figure
Conversion Applied Showing Rancom
Uncertainties Offsets Uncertainty for
(29) (249) Selected Data
Fuel Rods
FUEL T™P 79 N #28.7 K +3.0K 3-1
PLNM T™P 03 +1.47K *2.0K
CLAD T™P 46-18001 + 1.06 X #2.0K 8-2, B-3
LAD T™P 79-0 01 +1.06K #2.0 K 8-4, 8.5
CLAD T™P 46-0 03 +1.06K #2.0K 8-6, 3-7
CLAD T™P 79-18003 + 1.06 K #2.0K B-8, 8-9
ROD PRES 6.9 KA 01 NA None
ROD PRES 6.9 KA 02 NA
Test Train
INLT T™™P 01 +1.47K +1.0K 8-12
INLT ™P 02 +1.47K +1.0K g-13
INLT T™P 02 +1.47K +1.0K
INLT TMP 04/05 +1.47K *1.0 K
ouT TEMP 01 +1.47K +1.0K 8-14
ouT TEMP 02 +1.47K +1.0K B=15
uT TEMP 03 +1.47K *1.0K
uT TEMP 04/05 +1.47K 410K
DEL TEMP 0l +£0.92K *0.1K 3-18
DEL TEMP 02 +0.06K #0.1 K 8-17
DEL TEMP 03 *0.17K #0.1K
DEL TEMP 04/05 +0.53K 0.1 K
SYS PRES 69EG uTT NA 0.1 7
SYS PRES 17KA uTT NA +0.1 MPs 8-18
SYS PRES SCHAV UTT NA +0.1 MPa
SHRD PRES 17XA 01 +0.15 MPa +0.1 MPa g-19
SHFRD PRES 17KA 02 +0.15 MPa +0.1 MPa
SHRD PRES 17KA 03 +0.18 MPa 0.1 MPa
SHRO PRES 17KA 04/05 + 0.09 MPa +0.1 MPa

T4



TABLE 8-1 (continued)

Engineering Unit 8iac for Figure
Conversion Fppliec Showing Random
Uncertainties 0fffsets Uncertainty for
(27) (27) Selected Data

Test Train (cuntinued)

FLOWRATE INLET 01 +1.23 x 1073 1/s  +0.005 1/s -1

FLOWRATE INLET 02 + 1.05 x 1073 1/s  +0.005 1/s 5-1

FLOWRATE INLET 03 +2.04 x 103 /s +0.005 /s

FLOWRATE INLET 04/05 +1.79 x 10°3 1/s  +0.005 1/s

CLAD 0s? 01 NA +0.02 ™m

CLAD osP 02 A +0.02 mm

CLAD 0s? 03 NA +0.02 ™

CLAD DSP  04/05 NA +0.02 mm

NEUT FLX 9-Q1 TT NA 0

NEUT FLX 27-Q1 TT NA 0

NEUT FLX 46-Q1 TT NA 0

NEUT FLX 64-Q1 TT NA 0

NEUT FLX 82-Q1 TT NA 0

NEUT FLX 9-Q3 TT NA 0

NEUT FLX 27-Q3 TT NA 0

NEUT FLX 46-Q3 TT NA 0

NEUT FLX 64-Q3 TT NA 0

NEUT FLX 82-Q3 TT \A 0

Plant

REAC P0W  30TRIPT NA +0.0005 MW

REAC POW  SOKTRIPT NA +0.01 GW

REAC °0W  50TR2PT A 0

REAC POW  S50KTR2PT A +0.01 GW

REAC POW  SOEVIPT NA 0

REAC POW  SOKEVIPT NA +0.01 GW

REAC POW  SOEV2PT NA 0

REAC  POW  ZOKEV2PT A +0.01 GW

FP GAMMA NO. 1 PP NA None

FP GAMMA NO. 2 FP NA None

FP GAMMA N0, 3 FD NA None

FP  NEUT =P NA Nene




TABLE 8-1 (continued)

Fngineering Unit 8ias for Figure
Conversion Apoiied Showing Random
lincertainties Offfsets Uacertainty for
(24) (27) Selected Daia

Plant (continueg)

LOOPT.ES 5-20 PT  0.182 MPa +0.1 MPa
LOOPPRES 5-21  PT  0.159 MPa +0.1 MPa
LOOPPRES 5-22  PT  0.150 MPa +0.1 WPa
LOOPPRES 5-23  PT  0.150 MPa +0.1 MPa
LOOPPRES 5-2¢4 T  0.207 MPa +0.1 WPa
LOOPPRES 5-25 PT  0.128 MPa +0.1 MPa
LOOPPRES 5-2¢  PT  0.117 MPa 0.1 WPa
LOOPFRES 5-35  PT  0.113 MPa +0.1 MPa

been clotted as an upper and lower uncertaunty band. Since
these 2o bands were found to be small, they are presented in
this appendix in Figures B-1 through B-19 without the corre-
sponding data which fit within the error bands. If any filtering
piocess is applied to the original data the random uncertainty
obtained from the orignal data woul” no longe . cisely apply.

The values listed in Table B-l and the random uncertainty piots correspond 10 1.96 0
which represents a 95% confidence level.

The method used to estimate the random component of the uncertainty was observed
to tend to reflect the total noise content of the data tiat anses from sample repeatability,
slectrical noise, the measured event, aad extraneous phenomenunoccurring during the test.
To rigorously charactenze the separate random components of a measurement would be
difficult, although one or more of these components could possibly be fiitered from the
noise which was used to determine the random uncertanty.

Other random and systematic uncertainties exist in the data but they could not be
adequately analyzed for this report. These uncertainties include measurement dependent
ind independent uncertainties. A detailed and comprehensive measurement independent
uncertainty analysis of the PBF measurement system is currently in progress.

The measurement dependent uncertainties are the most difficult to analyze and wil
probably never be rigorously presented in 2= 2xperiment data report (EDR).
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