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ABSTRACT

Recorded test data are presented for the second of six planned tests in the Reactivity Initiated Accident
(RIA) Test Series I, Test RIA 1-2. This test, conducted at the Power Burst Facility, had the following
objectives:

{1) Characterize the response of preirradiated fuel rods during an RIA event conducted at
boiling water reactor hot-startup conditions

(2) Evaluate the effect of rod internal pressure on preirradiated fuel rod response during an
RIA event.

The data from Test RIA 1-2 are graphed in engineering units and have been appraised for quality and
validity. These uninterpreted data are presetited for use in the nuclear fuel behavior research field before
detailed analysis and interpretation have been completed.



SUMMARY

The Reactivity Initiated Accident (RIA) Test Series I is part of che Thermal Fuels Behavior Program
which is conducted by EG&G Idaho, Inc., for the U.S. Nuclear Regulatory Commission. Test RIA 1-2,
completed November 22, 1978, was the second of six planned tests in the RIA Test Series I. The primary
objectives of Test RIA 1-2 were to:

{11+ Characterize the response of preirradiated fuel rods during an RIA event conducted at
boiling water reactor (BWR) hot-startup conditions

(2) Evaluate the effect of rod internal pressure on preirradiated fuel rod response during an
RIA event.

The Power Burst Facility (PBI) provided a neutron and coolant environment for simulating the
postulated reactivity insertion accicent for a BWR at hot-startup conditions. The test facility components
used to meet the test requirements included: (a) a reactor vessel and driver core region to provide the
neutron environment, (b) controi rods and transient rods to dynanucally control reactivity, (¢) a water-
filled in-pile tube (IPT) in the center of the driver core to contain the test rods, and (d) a pressurized water
flow loop to provide the coolant environment in the IPT. Four individually shrouded, preirradiated test
rods were installed in a test train and positioned in the IPT at the driver core level.

The test procedure included:

(1) Two nonnuclear heatups to establish the coolant conditions for the power calibration and
preconditioning phase and the power burst

(2) A power calibration and preconditioning phase to condition the fuel and to determine the
relationship between fuel rod power and core power

(3) A power burst to produce the experimentally requirsd energy deposition in the four
individually shrouded, preirradiated test rods.

The PBF data acquisition and reduction system (DARS) recorded measurements to characterize test rod
behavior, test rod shroud coolant conditions, system pressure, neutron flux, PBF reactor power, and test
rod failure. After the testing was completed. the recorded data were reviewed and verified to pe qualified,
restrained, trend, or failed data. The power burst data are presented in the main bodv of this report and
data from the power calibration and preconditioning phase are included on microfi. . attached to the
back cover of this report.
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EXPERIMENT DATA REPORT
FORTEST RIA1-2
(REACTIVITY INITIATED ACCIDENT TEST SERIES)

I. INTRODUCTION

The Thermai Fuels Behavior Program (TFBP) is one of several programs being conducted by the Water
Reactor Research Directorate of EG&G Idaho, Inc., for the U.S. Nuclear Regulatory Commuission. The
TFBP performs an integrated analytical and experimental study of the behavior of nuclear fuel rods under
ncrmal, off-normal, and accident conditions in light water reactors. Data from the TFBP experimental
eff( rt are used to determine the completeness and accuracy of the analytical models developed to predict
fuel rod behavior for a wid2 range of r.ostulated reactor operating conditions.

The objectives of the TFBP Reactivity Initiated Accident (RIA) Test Series are to determine fuel failure
thresholds, modes, and consequences as functions of energy depositions, rradiation history, and fuel rod
design. For the RIA Test Series I, the pressure, temperature, and flow rate of the coolant will be typical of
the hot-startup conditions in commercial boling water reactors (BWRs). These conditions were selected in
order 1o simulate the coolsat conditions of the most severe RIA postulated - the BWR control rod diop
accident during hot-startup conditions.

Test RIA 1-2, compieted November 22, 1978, was the second of six planned tests in the RIA Test
Series 1. The main objectives of Test RIA 1-2 were to:

(1) Characterize the response of preirradiated fuel rods during an RIA even® conducted at
BWR hot-startup conditions

(2) Evaluate the effect of rod internai pressure on preirradiated fuel rod response during an
RIA event,

During Test RIA 1-2, four individually shrouded, preirtadiated rest ruds were subjected to steady state
operation {0 condition the fuel and to determine the relarionship between test fuel rod power and ore
power. Then the test rods were subjected to a single power burst of about a 4.3-ms period and a peak
power of about 13 000 MW,

This report presents the data from Test RIA 1-2 in a form readily usable before detailed analvsis and
interpretation have been completed. These data were reviewed and verified te be qualified, restrained,
trend, or failed data.

Section 11 of this e¢port describes the experimental reactor system used to condust Test RIA 1-2;
Section [11 gives the test procedures and initial test conditions: Section IV specifies th= test instrumenta-
tion; and Section V presents the data graphs and provides comments and supporting information
necessary for data interpretation, Appendix A describes the methods used to apply the postiest corrective
adjustments to the data and the subsequent qualification; and Appendix B is a guide (0 the uncertainty
associated with the data,



Il. SYSTEM CONFIGURATION

The Power Burst Facility (PBF) is located at the Idaho Naticnal Engineering Laboratory. The PBF reac-
tor, shown in Figure 1, is contained in an open tank reactor vessel and consists of a driver core and a flux
trap. A pressurized water coolant flow loop provides a wide range of coolant conditions in the flux trap
test space.

The PBF core is a right-circular annulus 1.3 m ‘n diameter and 0.91 m in length, enclosing a centrally
located vertical flux trap 0.21 m in diameter. This core has been designed for steady state and power burst
operation, The core contains eigh' control rods for reactivity control during steady state operation. During
power burst operation, the control rods and four additional transient rods dynamically control reactivity.
Each of the controi and transient rods consists of a stainless steel canister which contains a cylindrical
annulus of boron carbide and is operated in an air-filled shroud. A cutaway view of the PBF core i1s shown
in Figure 2.

An in-pile tube (IPT) fits in the central flux trap region and contains the test train ass>mbiy. The IPT isa
thick-walled, Inconel 718, high strength pressure tube designed to contain the steady-state operating
pressure and any pressure surges from test fuel rod failures. Test fuel failures (such as cladding failure,
gross fuel melting, fuel-coolant interactions, fuel failure propagation, fission product release, and metal-
water reactions), can be safely contained in the [PT without damage to the driver core.

A flow tube is positioned inside the IPT to direct the coolant flow. Coolant enters the top of the IPT
above the reactor core and flows down the annulus between the !PT wall and the flow tube. The flow
reverses at the bottom, passes up through the test train, and exits above the reactor core at the IPT outlet.
The flow tube consists of an upper stainless steel section, a center zircaloy-2 section for neutron economy
in the test fuel, and a lower catch basket section for a heat sink and collection of fuel fragments. An axial
cross section of the in-pile tube is given in Figure 3.

The loop coolant system provides cooling water for the [PT at controllable pressures, temperatures, and
flow rates. For Test RIA 1-2, this system simulated the hot-startup coolant conditions of a BWR. The
system includes a pressurizer, a pump, heat exchangers for removing the energy transferred to the coolant
bv the test fuel, a flow control valve, acoustic filters and thermai swell accumulators to attenuate any
pressure surges from fuel failure, and electrical heaters to control the inlet temperature.

Four MAPI? fuel rods, Rods 802-1, 802-2, 802-3, and 802-4, were used during Test RIA 1-2. These rods
had been previously irradiated 1o a burnup of about 4800 MWd 't in the Saxton reactor!. The original
Westinghouse Electric Corporation test rod number and the burnup of each test rod are given in "able |.
The nominal design characteristics of the test rods are listed in Table 11.

Rod 502-1 was instrumented and then backfilled with 77.7% helium and 22.3% argon to a pressur * o
0.103 MPa. This gas mixture simulates the thermal conductivity of fill gases, including fission gases, in he
MAPI test rods. Rods 802-2 and 802-4 were instrumented and then backfilled with the 77.7% and 22. "
mixture of helium and argon to a pressure of 2.41 MPa. Rod 802-3 was not opened before Test RIA 1-7..

An individual zircaloy-4 flow shroud with a nominal inner diameter of 16.30 mm and an outer diameter

" > h o >
of 22.6 mm surrounded each test rod and created a coolant flow area of 130.3 mm=. An orifice plate with
a6.95 -+ 0.025-mm-diameter hole was located below each shroud.

a. The MAPI rods were built by the Westinghouse Electric Corporation, and were irradiated in the
Saxton reactor for the Mitsubisht Atomic Power {ndustries, Inc.. Tokyo, Japan.






The test rods were installed in a four-rod test train fabricated by Battelle-Pacific Northwest
Laboratories. In this test train, each fuel rod was rigidly secured at the top, but was free to expand axially
doewnward. The location of each test rod is shown in Figure ¢
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Fig. 2 Power Burst Facility core — cutaway view
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TABLE I

TEST RIA 1-2 ROD DESIGNATIONS AND BURNUP

Westinghouse Electric Average

Test RIA 1-2 Corp. Corresponding Burnup
Rod Identification Rod Identification (MWd/t)

802-1 MAPI M-2 5220

802-2 MAPI "M-i3 5110

802-3 MAPI M-59 4430

802-4 MAPI M-8 4530

TABLE II

TEST RIA 1-2 FUEL ROD DESIGN CHARACTERISTICS

Characteristics Rods 802-1, -2, -3, and .
Fuel
Material uo,
Pellet outside diameter (mm) 8.59
Pellet length (mm) 15.2
Pellet enrichment (wtZ) S.7
Density (% theoretical density) 9%
Fuel stack length (m) 0.914
End configuration Dished
Cladding
Material Zircaloy 4
Tube outside diameter (mm) 9.99
Tube wall thickness (mm mianimum) 0.572
Yield strength (MPa) 570
Ultimate strength (MPa) 700
Fuel Rod
Gas plenum length (mm) 48.7
Insulator pellets None

a. Data are preirradiation values of the MAPI fuel rods.
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ili. EXPERIMENT CONDUCT

Test RIA 1-2 included two nonnuclear heatups, a power calibration and a preconditioning phase, and a
power burst. Before each test phase and during the coolant loop heatups, instrument status checks were
made at several loop temperatures to initialize instrument readings and to ensure that critical
instrumentation was operable.

1. HEATUP PHASE

A prepower calibration heatup established the loop coolant conditions specified for the power calibra-
tion and preconditioning phase - 338 K for the inlet temperature, 6.45 MPa for the pressure, and 0.760 1/s
for the flow rate in each shroud. Before the power burst. another heatup was performed to establish loop
conditions at 538 K for the inlet iemperature, 6.45 MPa for the pressure, and 0.085 1/s for the flow rate in
¢ach shroud.

During each heatup, the chemistry requirements for the coolant were adjusted within the following
limits:

pH range 5710 10.2

Specific conductivity 1.4t048 uS.'cm
Dissolved oxygen Less than 0.1 ppm
Chlondes Less than 0.15 ppm
Total suspended solids Less than 1.0 ppm

Instrument status checks were performed at ambient conditions before each heatup. During heatup,
several more status chechs were performed on the instrumentation at several loop temperatures to confirm
operability of the instrumentation.

2. POWER CALIBRATION AND PRECONDITIONING PHASE

For Test RIA 1-2, the power calibrations and the preconditioning were performed concurrently. The
power calibrations were conducted to calibrate the thermal-hydraulicallv determined test rod power with
the reactor neutron detecting chambers and the self-powered neutron detectors (SPNDs) mounted on the
test train. The preconditioning was performed to promote cracking and relocation of the fuel and to build
up the fission product inventory of the test rods for cladding failure indication by the Fission Product
Detection System during the power burst. The reactor core power history during the power calibration and
preconditioning phase is summarized in Table I1l. In addition, the reactor was operated for a total of
about 125 minutes during several aborted reactor startups for the power calibration.

After completion of the power calibration and preconditioning phase, the coolant loop was cooled to
ambient conditions and depressurized. The test t-ain was removed from the IPT and the four flux wires
mounted on the outer surface of each test rod shrovd were replaced with 1007 cobalt flux wires.

3. POWER BURST TESTING

After a heatup to establish the loop coolant conditions at 38 K, 6.45 MPa, and 0.085 L's, a single
power burst with a reactor period of about 4.3 ms and a peak power of about 13 000 MW was performed.
A reactivity balance method was used to initiate the power burst. This method provides assurance that the
control and transient rods have not been grossly mispositioned and no potentially dangerous reactivity
addition can be made. The reactivity balance method is depicted in Figure § and included the following
sequence of events:

(1)  The control rods were withdrawn from their scram positions (Figure $a) until criticaity
was achieved at about 100 W\ and the low power critical position of the control rods was
determined (Figure 5b),




TABLE III

CORE POWER HISTORY DURING THE TEST RIA 1-2
FOWER CALIBRATION AND PRECONDITIONING PHASE

Elapsed
Operating Time Duration teactor Power
(minutes) (minutes) (MW) Operation

- — 0

23 23 0 to 7.6
27 4 7.6

38 11 7.6 to 12.6
45 7 12.6

53 6 12.6 to 16.2 Power Calibration
58 5 16.2

65 7 16.2 to 21.3
70 21.3

78 8 21.3 to 25.2
91 13 25.2

a5 - 25.2 to 26.8
215 120 26.8

255 40 26.8 to 1.8
259 A 1.8
283 24 1.8 to 26.8
366 83 26.8

- Scram occurced

371 5 0 to 1.8
376 5 1.8

396 20 1.8 to 25.8 Preconditioning
516 120 25.8

519 25.8 to 25.3
522 3 r L

525 3 ¢3:3 to 21.3
528 3 21.3

532 4 21.3 to 16.2
534 2 16.2

542 8 16.2 to 7.6
546 4 7.6
552 6 7.6 to O




-
CR
| CR
| | B
| i CR
} { 2
A L
~;‘C_1 ] _f
TR v L.l P 1
Ap=0 g I
TR P I
K < 1 1 - B 1
Ap = tpg! TR ~
L Ap=-p)
K< 1
e s
|
(al inihal position (b} Inhal cniticality J (cy Transient rod 'nsertion }
§ i
Ap=-p2
K<
CR

- S
Pp2 | |
1 . . | “2 1
! ’t’c‘ ’ [JCE ! "
p{}’ ! —J -
A ' X |
1 4 L ’!
TR __\p ,)’ - ;)‘4 TR
ap "C‘? K>1
K
. .l CR
d) Second criticality r—l 'y (e} Burst imitiating position
‘l,‘ (P 1% P 2
»[p(-‘ N 'J,“
s L
™R
AH - system reactivity change
P critical reactivity
P burst imhating reactivily
K neutron multipiication factor
CR = control rod

i transient rod

10




(2)

(3)

4)

(6)

(7

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.

The transient rods were inserted into the core to a posticn calculated for the reactivity
insertion required for the power burst (Figure 5¢).

The control rods were then withdrawn again to reestablish criticality at a low power level
(Figure Sd). The reactivity inserted by the withrawal of the coatrol rods and the worth 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.

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

The transient rods were then fully inser:ed into the core (Figure Se).

To initiate the power burst, all four transient rods werz ejected at a velocity of about
953 cm/'s (Figure 5f). The pawer burst was self-terminating by the Doppler reactivity
teedback which is capable of terminating the burst without primary dependence on
mechanical systems. All eight control rods were then completely inserted into the driver
core 'o provide mechanical shut down of the rezctor.




IV. INSTRUMENTATION AND MEASUREMENTS

Instrumentation for Test RIA -2 was selected to aid in determining test rod response characteristics and
failure mechanisms during the RIA event. Fuel rod instrumentation monitored test rod behavior. Test
train instrumentation measured the temperature, pressure, and volumetric flow rate of the coolant, the
local neutron flux, and the test rod cladding elongauon. Plant instrumentation was used to provide reactor
power information and indication of test rod failure.

1. FUEL ROD INSTRUMENTATION

Rod 802-1 was instrimented to measure the internal gas pressure, cladding surface temperature, and
cladding elongation. Rod 802-2 was instrumented to measure the internal gas pressure, cladding surface
temperature, plenum temperature, and cladding elongation. Rod 802-3 was instrumented for cladding
elongation, and Rod 302-4 was instrumented to measure the internal gas pressure and cladding elongation.

The fuel rod instrumentation is specified in the following description. The measuremeni identifiers used
for data reduction purposes are given in parentheses. The first eight characters indicated the type of
measurement. Duplicate measurements were uniquely identified by the next six characters which specified
the range, manufacturer, or axial, azimuthal, or quadrant iocation of the instrument. The last two
characters for fuel rod measurement identifiers indicated the test rod number.

(1) Two EG&G ldaho, Inc., platinum/10% rhodium-platinum, Type S thermocouples with
spaded junctions, titanium sheathings, and magnesia insulation were resistance welded to
the cladding outer surface of each of Rods 802-1 and 802-2. One thermocouple
(CLAD TMP 46-18001 and CLAD TMP 46-18002) was located 0.46 m from the bottom
of each fuel stack and 180-degrees from the center of the test train assembly. The other
thermocouple (CLAD TMP 79-0 01 and CLAD TMP 79-0 02) was located 0.79 m from
the bottom of each fuel stack and O-degrees from the center of the test train assembly.

(2) A 6,9-MPa Kaman Sciences Corp. pressure transducer was mounted on Rod 802-1
{ROD PRES 6.9KA 01), and a 17.2-MPa Kaman Sciences Corp. pressure tra.sducer was
mounted on each of Rods 802-2 (ROD PRES 17KA 02) and 802-4 (ROD PXES I7KA 04)
to measure rod internal pressure in the upper plenum.

(3)  An EG&G Idaho, Inc., Chromel-Alumel, Type K thermocouple with stainiess steel
sheathing and magnesia insulation (PLNM TMP 02) was locaied at the centerline of the
spring in the plenum region of Rod 802-2 to measure the plenum gas temperature.

2. TESTTRAIN INSTRUMENTATION

The test train consisted of a four-quadrant experiment section with support hardware located above and
below the quadrants. Each quadrant contained a shrouded test rod and instrumentation to characterize the
neutron tlux, the elongation of the test rod cladding, and the coolant conditions inside the test rod shroud.
The test train instrumentation is shown in Figure 6 and specified in the following aescription. The
measurement identifiers used for data reduction purposes are included in parentheses. An X is used for the
last character of the measurement 1dentifiers for quadrant measurements characterizing the test rod shroud
coolant conditions and the elongation of the test rod cladding. The X indicates each of the four quadrants.
The last two characters of the other measurement identifiers indicated a test train measurement with the
characters TT

11} A Flow Technology, Inc., turbine flowmeter (FLOWRATE INLET OX) was mounted at
the inlet of each test rod shroud to measure the coolant flow rate in each shroud.
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(2) A 69-MPa EG&G [daho, Inc., pressure transducer (SYS PRES 69EG UTT), a 17.2-MPa
Kaman Sciences Corp. pressure transducer (SYS PRES 17KA UTT), and a 17.2-MPa
Schaevitz Engineering pressure transducer (SYS PRES SCHAVUTT) were located above
the test rod shroud outlets in the upper test train to measure normal system pressure and
pressure pulses.

(3) A 17.2-MPa Kaman Sciences Corp. pressure transducer (SHRDPRES 1"KA OX) was
connected with tubing to the interior of each test rod shroud at the axial peak power
location to measure pressure pulses gznerated by test rod failure.

(3) A Control Products Corp., Chromel-Alumel, Tyvpe K thermocouple with stainiess steel
sheathing and magnesia insulation (INLT TMP OX) was mounted at the inlet of each test
rod shroud to measure the coolant inlet temperature.

(5} A Control Products Corp., Chromel-Alumel, Type K thermocoupie with stainless steel
sheathing and magnesia insulation (OUT TEMP OX) was installed at the outlet of zach
test rod shroud to measure the coolant outlet temperature.

(6) A pair of Control Products Corp., Chromei-Alumel, Type K thermocoupies with
stainless steel sheathing and magnesia insulation (DEL TEMP OX) measured the
temperature rise in the coolant from the test rod shroud iniet to the test rod sh oud outlet.

() An EG&G ldého. Inc., linear vaniable differentiai transtormer, LVDT, (CLAD DSP OX)
was mounted below the lower end of each test rod 10 measure the cladding axial
elongauon,

(8) Ten ARI Industries cobait self-powered neutron detectors, (SFNDs) were installed in tvo
vertical columns, 180-degrees apart in Quadrants | and 3, 10 measure the relative neutron
flux. The detector midpoints in each guadrant were located at an elevation of 0.09
(NEUTFLX9-QI TTand NEUT FLX 9-Q3TT), 0.27(NEUT FLX 27-QI TT and NEUT
FLX 27-Q3 TT), J.46 (NELT FLX 46-Q! TT and NEUT FLX 46-Q3 TT), 0.64 (NEUT
FLX 64-Q1 TT and NEUT FLX 64-Q3 TT), and 0.82 m (NEUT FLX 82-Q! TT and
NEUT FLX 82-Q3 TT) above the bottom of the fuel stacks.

9) A flux wire was placed 180 degrees from the center of the test train on the outer surface of
each test rod shroud to measure the integrated neutron flux. During power calibration and
fuel roc conditioning, flux wires with matenal compositions of 0.£17 cobalt and 99.49%
aluminum were used. Betore the power burst. those wires were removed and replaced with
100% cobalt flux wires

3. PLANTINSTRUMENTATION

The Fission Product Detection System (FPDS) was designed to wiithdraw a continuous sample stream
from the coolant loop near the [PT outlet and monitor the sample stream for fission products that would
indicate test rod falure. Prior to Test RIA 1-2, the 7.6- by T.6-um Nal crvstal gamma ray detector used 1o
measure the ffectiveness of the shieiding for the 2.5- by 3.8-cm Nal cryvstal gamma rav detector was
removed and a new Nal detector was installed over the exit spool piece in the reactor piping tunnei. The
FPDS includes some housekesping measurements such as temperatures and flow rates. but oniv the fission
product detectors are described. The measurement idenufiers are given in parentheses. The last two
<haracters Of the measurement identifiers indicated an FPDS measurement with the characters FP

i1y One l.5- by ¥ 8-cm Nal crystal gamma ray Jdetector was piaced in a shielded housing and
nstailed in the second bascment of the reactor building ro determine the background
£aMmma couni rate defore fission produgt release and gamma Jount rate danng ang arter

wn product release. The ouput from this detector was fed 10 wo single channel



analyzers. One analyzer (FP GAMMA NO.| FP) measured the gamma-ray intensity in the
150- to 3400- keV energy range and the other (FP GAMMA NO.3 FP) measured the
gamma-ray intensity in _he 3400- to 6300-keV energy range.

(2) One 2.5- by 3.8-¢m Nal crystal gamma ray detector (FP GAMMA NO.2 FP) was placed
in a shielded housing and installed over the exit spool piece in the reactor piping tunnel
located between the ground level and the first basement of the reactor building. Tkis
detector determined the background gamma count rate before fission product release and
the gamma count rate during and after fission product release. It measured the gamma-
ray intensity in the 150- to 6300-keV energy range.

(3)  One BFy delayed neutron detector (FP NEUT FP) was ir Jalled in the second basement of
the reactor building to detect delayed neutrons in the sample stream.

Four ionization chambers provided driver core power information during the power burst. Figure 7
shows the reactor core location of the iomization chambe:s. These ionization chambers are sensitive (o
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gamma and neutror radiation and nroduce current outpuis proportional to the number of neutrons or
2ammas per second which ionze the gas inside the chambers, The measurement identitiers for these
instruments are included in parentheses. The last iwo characters of the measurement icentifiers indicated a
plant instrumentation measurement with the characters PT.

{n

(2)

Two Westinghouse Electric Corp., WX-31994, nitrogen filled, tonization chambers, TR-1
{REAC POW S0TRIPT and REAC POW S0OKTRIPT)and TR-2 (REAC POW S0TR2PT
and REAC POW SOKTR2PT), designed to measure power burses 10 32 GW, are located
outside the reactor core barrel.

Two Westinghouse Electric Corp., WX-318435, evacuated ionization chambers EV-|
{(REAC POW S0EVIPT and REAC POW SOKEVIPT)and EV-2 (REAC POW SOEVIPT
and REAC POW S0KEV2PT}, designed to measure high power bursts to 200 GW, are
located in the south and north corners of the reactor core support structure.



V. DATA PRESENTATION

The data from Test F.IA 1-2 are presented with brief comment. All the data in this report were reviewed
and verified for consistency and validity. To determine the quality of the data, the output from each instru-
ment was compared with initial conditions and rhe output from anyv instrument making a duplicate
measurement. Processing analysis was done to obtain the appropriate engineering units and to determine
data offsets from the calibration data. Appencix A describes the methods used to determine the
adjustments that have been applied to the presented data and proviues the basis for categorizing the data as
follows:

{1) Quaiified engineering unit data (Qualified) - have been verified 10 represent the variable
being measured within specified uncertainty limits

(2) Restrained data - appear reasonable but are not within certainty limits, or data from an
independent measurement are not available for comparison

(3)  Trend data - are suitable for illustrative purposes but probably not for numerical analyses

(4) Failed data - are irretrievabie due to a transducer, signal conditioning, or data channel
failure or inadequate rejection of extranecus noise, transients, or frequencies.

All detector analog output was digitized and recurded by the PBF data acquisition and reduct‘on system
(PBF/DARES). The PBF/DARS tape recording system was configured o record at four different
bandwidths:

dcto 10 Hz
dcto "0 Hz
dcto S kH.
dcto 20kH-.

Table 1V lists all the measurements included in this report and specifi~s the type, range, and location ot
the recording instrument, the PBF/DARS recording bandwidths, the :equency response of the recording
instrument and the PBF/ DARS, the figure numbers for the data plots, and the gualification category of
the data.

The power burst data are presented in the subsequent pages of this report. The power cahibration and
preconditioning data are included on the microfiche attached to the back cove: of this report.

Appendix B presents an analysis of selected data for use as a gu'de . the uncertainty associated with
data measurements in the PBF system.
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APPENDIX A

POSTTEST DATA ADJUSTMENTS AND QUALIFICATION

Many of the instrumentaion transducers us :d during the conduct of an experiment at the Power Burst
Facility (PBF) are recogn zed to have re,ponded erroneously, in varving degrees, to extraneous
environmental stumuli such .« pressure, te nperature, neutron flux, gammz radiation, vibration, and
mechanical strain. In addition, ... {3'~ acquisition and recording system (DARS) and the signal
conditioning equipment may also have con'ributed unwanted or distorted signals to the measurement
channel while the transducer output was being processed and recorded.

Aithough the errors introduced ‘nto the data by these spurious secondary inputs generally do not exceed
the specified error ranges of the transducers, significant improvement in raeasurement accuracy can be
achieved if the secondary sensitivity can be identified and removed. Since the exact values of the spurious
inputs to which different transducers mighi be sensitive cannot be easily predicted and are sometimes
inconvenient to measure, secondary effects have been accounted for by correcting the data after the test.

After Test RIA 1-2, an errcr duc to the electronic drift of the DARS signal conditioning units was
removed from the data by a linear correction of offset versus time as follows:

Flity = [F(ty ~ A]B

where
Fl{t)y =  corrected engineering unit value at time ©
F(t) = measured eagineering unit vaiue at time T
A = total offset correction form vultage insertion calibration
B = electronic gain correction.

The values for A and B are given in Table A-!.

L. . acquired at the PBF during the performance of the Thermal Fuels Behavior Program testing are
appraised by a data integrity review committee for quality and validity. The appraisal process determines
whether the measurement channel output represents the phenomenon being measured. The data review
and examination process ascertains that verified calibration equations have been applied and that offsets
and corrections have also been appiied 10 remove any identifiable spurious secondary effects from the
data. As a result of the review and examination oy the review commitiee, each measurement is assigned one
or more of the following classifications as a function of timne.

(1) Quaiified engineering umit datu (Qualified). These data represent the phenomenon
measured within the defined uncertainty limits. Data must meet the following criteria:
(a) verified calibraticns and all corrections have been applied, (b) independent data were
used for comparison with these data and agreement was found between the data during
the period of interest within specified uncertainty limits, (¢) verified engineering unit con-
version equations have been applied, and (d) uncertainty limits have been established and
can be verified,

(2)  Restrained. These data represent the phenomenon measured with one or more of the
following constrainis: (a) verified calibrations have been applied but not all corrections

have been made, (b) offsets and corrections cannot be adequately determined, and
(¢) uncertainty limits have been established but cannot be adequately verified.
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TABLE A-I

LINEAR OFFSET CORRECTION EQUATION CONSTANTS

Power Calibration

and Preconditioning Power Burst
Measurement A B A B
FUEL ROD
CLAD TMP 46-18001 -9 K 1.0032 6 K 1.0008
CLAD TMP 79-0 01 -1 K 0.9941 3K 0.9941
CLAD TMP 46-18002 -3 K 0.9995 15 K 0.9967
CLAD TMP 79-0 02 -13K 0.9985 -13 K 1.0040
ROD PRES 6.9KA 01 Failed Failed
ROD PRES 17KA 02 0.57 MPa 0.9867 0.57 MPa 0.9834
ROD PRES 17KA 04 0.316 MPa 0. 333 0.316 MPa 0.9882
PLNM TMP 02 Failed Failed
TEST TRAIN
FLOWRATE INLET 01 0 0.9925 0 0
FLOWRATE INLET 02 0 1.0 0 0
FLOWRATE INLET 03 0 1.0 0 0
FLOWRATE INLET 04 0 0.9939 0 0
SYS PRES 69EG UTT -4.2  MPa 0.9960 18 B 1831
SYS PRES 17¥A UTT -1.32 MPa 1.0034 :}:%2 :;gg 3 e
SYS PRES SCHAVUTT 1.62 MPa 1,2153 1% B 35
SHRDPRES 17KA 01 -3.84 MPa 0.9916 5 - < W <
SHRDPRES 17KA 02 1.56 MPa 0.9442 FE By 381
SHRDPRES 17KA 03 5.07 MPa 0.8957 g:gg g;:g 11
SHRDPRES 17KA 04 -3.66 MPa 0.9929 338 B LUN
)

e T



TABLE A-I (continued®

Power Calibration

and Preconditioning Power Burst

Mcasurement A B A B
TEST TRAIN (contirued)
INLT T™P 01 -1 K 0.9953 5 K 0.9962
INLT T™P 02 9 K 0.9953 6 X 1.0000
INLT T™P 03 -1 K 1.0000 1 K 1.0047
INLT TMP 04 4 K 1.0000 4K 0.9972
OUT TEMP 01 -1 K 1.0038 6 % 1.0038
OUT TEMP 02 4 K 1.0000 1K 1.0000
OUT TEMP 02 -1 % 1.0009 9 ¥ 0.9972
OUT TEMP 04 5 K 0.9991 3K 0.9991
DEL TEMP 01 0.55 K 0.9471 6 K 0.9482
DEL TEMP 02 -1.27 K 1.0000 -0.21 K 0.9524
DEL TEMP 03 -0.28 X 0.9983 0.14 K 0.9851
DEL TEMP 04 -0.61 K 1.0049 -0.91 K 0.9969
CLAD DSP 01 -5.75 mm 0.9911 =3:33 mmy 09347
CLAD DSP 02 -5.90 mm 0.9960 B 3 ¢ e 9. 930
CLAD DSP 03 ~5.87 mm 1.0076 =3:3] mmy 0. 9934
CLAD DSP 04 -3.18 mm
NEUT FLX 9-Qi TT 0 *
NEUT FLX 27-Q! TT -0.1 Log A 1
NEUT FLX 46-Q1 TT 0 1
NEUT FLX 64-Q1 TT 0 0.9938
NEUT FLX 82-Q1 TT 0 1
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TABLE A-I (zontinued)

Power Calibration

and Preconditioning Power Burst
Measurement A B A B

TEST TRAIN (continued)
NEUT FLX 9-Q3 TT 0 1 0 0.9877
NEUT FLX 27-Q3 TT 0 1 0.1 iog A 0.9756
NEUT FLX 46-Q3 TT 0 1 0 1
NEUT FLX 64-13 TT 0 1 0.1 Log A 0.9756
NEUT FLX 82-Q3 TT 0 1 0 1
PLANT
REAC POW 50TRIPT -0.24 MW 1.000
REAC POW 50KTR!PT 0 1.0048
REAC POW 50TR2PT -0.30 MW 1.0077
REAC POW S50KTRZPT -0.22 oW 1.0022
REAC POW 50EV1PT -0.09 MW -0.92991
REAC POW SOKEVIPT 0 1.0002
REAC POW SOEV2PT 0 1.0017
REAC POW 50KEV2PT -0.24 oW 1.0059

The data were recorded at two different bandwidths.

The specified

constants were used to correct data recorded at a bandwidth of
20 kHz and presented in a -0.1 to 0.3 s plot.

The data were recorded at two different bandwidths. The specified

constants were used to

10 Hz and presented in a -1 to 5 1 plot.

correct data recorded at a bandwidth of

The data were recorded at two different bandwidths. The specified

constants were used to

5 kHz and presented in a -0.1 to 0.3 s plot.

correct data recorded at a bandwidtn of

The data were recorded at two different bandwidths. The specified

constants were used to

10 Hz and presented in a -5 to 40 s plot.

correct data recorded at a bandwidth of




3)

4)

Trend. These data have been verified 1o represent the relative changes in the phenomenon
but do not necessarily represent the absolute level in the m :asured phenomenon due to:
(a) instrument calibrations do not adequately represent the environment measured by the
transducer, (b) the calibration and performance of the DARS are questionable but known
errors have been eliminated, (¢) uncertainty limits cannot be adequately quantified,
(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 becn removed, (¢) data have been appropriately filtered, and (d) relative
uncertainty limits have been defined.

Failed. Data are irretrievahle due to a transducer, signal conditioning, or data channel
failure or inadequate reicction of extraneous noise, transients, or frequencies.,
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APPENDIX B

UNCERTAINTY ANALYSIS

To provide a guide to the uncertainty associated with data measurements in the PBF facility, three possi-
ble sources of data measurement uncertainty wer2 analyzed for Test RIA 1-2 data - conversion to engineer-
ing unit uncertainties, bias uncertainties for the applied offsets, and random variations in the data. These
sources of uncertainty do not include all the uncertainties that may exist in most measurements and
therefore they should not be considered indicative of the total uncertainty levels in the Test RIA 1-2 daia.
The uncertainty values ( + 20) given in Table B-I are the upper and lower limits for a 95% contidence level.

(1) Conversion to Engineering Unit Uncertainties. During the calibration and development of
engineering unit conversion polynomials for each instrument, the standard deviation ()
for a measurement was determined. In the first column of Table B-1, an uncertainty value
of =20 is given for each measurement.

(2) Bics Uncertainites for Applied Offsets. All data in this report were reviewed to determine
the quality and vaiidity of the data. Each measurement was compared with initial condi-
tions, redundant or similar measurements, and calculated values to determine the required
offsets or adjustments. The bias uncertainties are the expected errors in the offsets that
were applied to the data. They are given in the second column of Table B-1.

(3) Random Variations in the Data. The Box-Jenkins time series analysis technique for
estimating process variability was used to determine random variations in selected data
from Test RIA 1-2. Each selected data curve was segmented and each segment was
empirically fitted with a linear difference equation to characterize the white noise input at
each sampling time point. The procedures for fitting difference equations are discussed in
depth in Reference B-1. The white noise input was assumed to originate from a normally
distributed population and to represent the random error. The standard deviation of the
white noise as derived from the fitting procedures was used as an estimate of the standard
deviation for the random uncertainty. Upper and lower uncertainty bands for a 95% con-
fidence level have been plotted and represent uncertainty values of - 20. Since the uncer-

tainty bands were found to be smali, they are presented in this appendix in Figures B-1
through B-22 without the corresponding data which fits inside the uncertainty bands. The
random uncertainty obtained from the original data is not valid for any filtering process
applied to the original data. The Box-Jenkins analyvsis method has a tendency to reflect
the total noise content of the data that originated from sample repeatability, electrical
noise, the measured event, and extraneous phenomenon occurring during rhe test. To
rigorously characterize the separate random componznis of a nieasurement would be dif-
ficult. althsugh one or more of these components could possibly be filtered from the noise
which was used to determine the random uncertainty.

(3) Excluded Uncertainties. Other random and systematic uncertainties exist in the data but
they could not be adequately analyzed for this report. These uncertainties include
measurement dependent and independent uncertainties. The measurement dependent
errors are the most difficult errc.s to analyze and will probably never be rigorously
presented in an experiment data report (EDR). A detailed and comprehensive measure-
ment independent uncertainty analysis of the PBF measurement systems is currently in
progress. The results are expected to be invaluable for determining engineering confidence
limits on future data published by the Thermal Fuels Behavior Program.




TABLE B-I

MEASUREMENT UNCERTAINTIES FOR TEST RIA 1-2

Figure
Engineering Unit Bias for Showing Random
Conversion Applied Uncertainty for
Measurement Uncertainties Offsets Selected Data
FUEL ROD
CLAD TMP 46-18001 + 1.06 K +42K B-1, B-2
CLAD TMP 79-0 01 + 1.06 K + 2K B-3, B-4
CLAD TMP 46-18002 + 1.06 K + 2K B-5, B-6
CLAD TMP 79-0 02 + 1.06 K + 2K B-7, B-8
ROD PRES 6.9KA 0l + 0.15 MPa + 0.05 MPa
ROD PRES 17KA 02 + 0.10 MPa + 0.05 MPa
ROD PRES 17KA 04  + 0.13 MPa + 0.05 MPa
PLNM TMP 02 Failed Failed
TEST TRAIN
FLOWRATE INLET Ol + 0.00124 1/s + 0.002 1/s B-9
FLOWRATE INLET 02 + 0.00105 1/s + 0.002 1/s B-10
FLOWRATE INLET 03 + 0.00204 1/s + 0.002 1/s
FLOWRATE INLET 04 + 0.00179 1/s + 0.002 1/s
SYS PRES 69ZC UTT NA + 0.01 MPa
SYS PRES 17KA UTT NA + 0.05 MPa B-11, B-12
SYS PRES SCHAVUTT NA + 0.05 MPa
SHRDPRES 17KA 01  + 0.149 MPa + 0.05 wPa B-13, B-14
SHRDPRES 17KA 02 * 0,155 MPa + 0.05 MPa B-15, B-16
SHRDPRES 17KA 03  + 0.176 MPa + 0.05 MPa
SHRDPRES 17KA 04 + 0.094 MPa + 0.05 MPa
INLT TMP 01 + 1.47 K +2K B-17
INLT T™MP 02 + 1,47 K + 2K B-18
INLT T™P 03 + 147K + 2K
INLT T™P 04 + 147K + 2K
OUT TEMP 01 + 1.47K + 2K B-19
OUT TEMP 02 + 1.47K + 2K B-20
OUT TEMP 03 + 147K + 2K
OUT TEMP 04  + 1.47 K + 2K
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TABLE B-I (continued)

Figure
Engineering Unit Bias for Showing Random
Conversion Applied Uncertainty for
Measurement Uncertainties Offsets Selected Data
TEST TRAIN (continued)
DEL TEMP 01 + 0.92K + 0.1K B-21
DEL TEMP 02 + 0.0578 K + 0.1K B-22
DEL TEMP 03 + 0.174 K +0.1K
DEL TEMP 04  + 0.527 K + 0.1K
CLAD DSP 01 +0.18 mm + 0.1 mm
CLAD DSP 02 + 0.18 mm + 0.1 mm
CLAD DSP 03 +#0.18 mm 4+ 0.1 mm
CLAD DSP 04 +# 0.18 mm + 0.1 mm
NEUT FLX 9-Q1 TT - + 0.02 ma
NEUT FLX 27-Ql TT - + 0.02 ma
NEUT FLX 46-Ql1 TT - 4+ 0.02 ma
NEUT FLX 64-Q1 TT -- + 0.02 ma
NEUT FLX 82-Ql TT - + 0.02 ma
NEUT FLX 9-Q3 TT -~ + 0.02 ma
NEUT FLX 27-0Q3 %T -_ + 0.02 ma
NEUT FLX 46-Q3 TT - + 0.02 ma
NEUT FLX 64-Q3 TT -— + 0.02 ma
NEUT FLX 82-Q3 TT -- + 0.02 ma
PLANT
REAC POW SOTRIPT - + 0.1 MW
REAC POW SOKTRIPT e + 0.1 GW
REAC POW 50TR2PT - + 0.1 MW
REAC POW SOKTR2PT — + 0.1 Gw
REAC POW S0EV1PT - + 0.1 MW
REAC POW 50KEVIPT - + 0.1 GW
REAC POW 50EV2PT -— + 0.1 MW
REAC POW 50KEV2PT e + 0.1 GW
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