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ABSTRACT

Recorded test data are presented for Test R!A 1-1 of the Thermal Fuels Behavior
Program Reactivity Initiated Accident Test Series I. This test. conducted at the Power Burst
Facility, was designed to charactenze the response of unitradiated and preirradiated fuel
rods during an RIA event conducted at boiling water reactor het ;tartup coolant conditions,
and to eval. late test instrum:ntation response during a power buist. The data, presented in
the form of graphs in engineering units, have been analyzed only to the extent necessary to
ensure tney are reasonable and consistent. These uninterpreted data from Test RIA 1-1 are
presented in advance of detailed analysis and interpretation.
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SU313tARY

The Reactivity Inituted Accident iRIA) Test RfA 1 1 was completed
October 10'8, as part of the Thermal Fue!s 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 I, and was designed to satisfy the following
objectives;

t1) Charactenze the response of unirradiated and preirradiated fuel
rods dunng an RIA ev.:nt conducted at boiling water reactor
( BWR) hot-startup coolant conditions

() Evaluate test instrumentat:en response during a power burst.

The Power Burst Facility provided the n~ tron and cooiant environment which
simulates the postulated reactivity i:utiated a'.c:de .',r a BWR at hot-startup conditions.
The test fae:lity components included:

(1) A reactor vessel and dnnr core region to provid. .ne nc :mn
enviror. ment

C) An in-pile tube in the . enter of the dnver core to contain tite
test rods

i3) A pressunzed water ".ow loop to provide the coolant environ-
ment in the in-pile Ge.

The Ust train assembly consisted of four individually shrouded pressurized water
reacter-type fuel rods which were positioned in the i.,-pile tube at dnver core level. Two
rods were preirradiated to burnups of approximately 4600 NtWd,t, and two were
untrradiated fuel rods.

The test procedure included: (2) nonnuclear heatups to establish the initial test
coolant conditions, (b)2 power calibration to calibrate test fuel rod power with reactor
power, (c) a nuclear conditioning to promote fuel pellet cracking and relocation, and (d) a
single power burst to a reacter power of about 24 000 5tW to stmulate an RIA event.
Pasttest extmination of the test rods revealed that all four experienced cladding f:dlure as a
result of the power burst.

The PBF data acquisition and reduction system recorded measurements of the test rod
shroud 50w rates. test red cladding elongation, test rod and coolant temperatures, coolant
pressures, reactor power, and neutron tlux within the in-pile tube.
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The data obtamed t' rom trus test have been subjected to a thorou$ review and
subsequently eategonzed as .lua!!!ied, restrained. trend. er failed data. The power burst data
are presented in the main body of this report and power calibratica and preconditioning
data are included on the microtiche attached to the back cover.
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EXPERI31ENT DATA REPORT

FOR TEST RIA l-1

a REACTIVITY INIT'ATED ACCIDENT TEST SERIES)

I. INTRODUCTION

The Thermal Fuels Behavior Progam (TFBP) is one of several progams being
conducted by the Water Reatter Research Directorate of EG&G Idaho. Inc., for the
U.S. Nuclear Regulatorv Commissien. The TFBP performs an integral analytical and
expenmental study of the behavior of nuclear fuel rods urder normal, off-normal, and
accident conditions in hght water reactors. Data from the TFBP expenmental effort are

'

used to detemune the completeness and accuracy of analytical models deve!oped to predict
fuel rod benavior for a wide range of postulated reactor operating conditions.

The objectises of the TFBP Reactivity Initiated Accident (RIAs Test Senes I are to
d;termine fuel failure thresholds, modes, and consequences as functions of energy
depositions, irradiation history, and fuel rod design. For the Rf A Test Series I, the pressure,
temp-rature, and : low rate of the coolant are typical of the hot-startup conditions in
commerc:21 beiling water reactors (BW'Is). These conditions were selected in order to
simulate the coolant conditions of the most severe RIA postulated - the BWR control red
drop ace: dent during hot-startup ;onditions.

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

(1) Charactenze the response of unirradiated and preirradiated fuel
rods dunng an RIA event conducted at BWR hot-startup
conditions

C) Eva!uate test instrumentation response during in RIA test.

The test train assembly comprised four individual rods, two preirradiated and two
unirradiated, with each su:Tounded by a separate Cow shroud. The test sequence consisted
of (a) nonnuclear heatups to establish test coolant conditions. (b) a power calibration to
calibrate test rcd power with reactor power. (c) a preccnditioning period to promote fuel
pe!!et cracking and restructuring, and (d) a single power burst to attain a reactor peak power
of abot.t 24 C00 AlW.

This report presents tne data from Test RIA 1-1 in a form readily usable by the
nuclear community in advance of deta: led anai' "s and interpretation. The data have been
subjected to a thorough review and categorized as qualiEed, restrained, trend. er failed data.

s
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Power burst data are presented in Section IV and power calibration and preconditiening
data plots are included on microtiche attached to the back cover of this report.

Section II of this report presents the system configuration. proce'dures, initial test
conditions, and events that are specitic to Test RIA 1-1; Section III prendes bnef
desenptions of test instrumentation and Section IV presents information necessary for data
interpretation. Appendix A desenbes the methods used in applying posttest corrective
adjustme:.ts to the data and subsequent qualification; and Appendix B presents a guide to
the unc rtainty associated with the data,
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II. SYSTEM AND EVENTS FOR TEST RIA l-1

The following system con 6guration, procedures, and events are sceeide to
Test R!A 1-1.

1. SYSTEM CONFICURATION

The Pcwer Burst Facility (PBF) is located at the Idaho National Engineering
laboratory. The PBF reactor, shown in Figure 1, is contamed in an open tank reactor vessei
and consists of a dnver core and a dux trap. A pressurized water coolant dow loop provides
a wide range oiccolant conditions in the 11ux trap test space.

The PBF core ts a nght-circular annulus 1.3 m in diameter and 0.91 m in length,
enclosmg a centrally located vertical Gux trap 0.21 m in diameter. This core has been
designed for steady state and power burst operation. The core contains eight control rods
for reactivity control during steady state operation. Durmg power burst operation, the
control rods and four additional transient rods dynamically control reactivity. Each of the
control and transient rods consists of a stainless steel caniste* which contains a cyhridneal
annulus of baron carbide and :s operated in an air-tilled shroud. A cutaway view of the PBF
core is shown in Figure 2.

An in-pile tube (IPT) 6ts in the central Sux trap region and contains the test train
assembly. The IPT is a 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. Any conceivable failure of the test fuel during the test (such as cladding failure,
gross 'uel melting, fuel-coolant interactions, fuel failure propagation, Gssion product release,
or metal-water reactions) can be safely cnntained by the PBF IFT without damage to the
driver core.

A dow tube is posinoned inside the l'7T to dir.ct the coolant daw. Coolant Gow
enters the top of the IPT raove the reactor co r and dom down the annulus between the
IPT wall and the tiow tube. The Gow reve:ses at the bottoni, passes up through the test train
assembly, 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 u-r
fuel. and 2 lower catch basket section for a heat sink and collection of fuel fragments. A
nitrogen gas annulus is provided between the IPT wall and aluminum core diler piece
because of the temperature gradient between the two. A adial cross section of the IPT in
the reactor ccre area is shown in Figure 3.

The ' cop coolant system provides cooling water for the IPT at controllable pressures.
tempe atures, and Sow rates. For Test R!A 1-1. this system simulated the hot-startup
ccoiant condit: ens of a BWR. The system includes a pressunzer, a pump. heat exchangers
for removing the energy transferred o the cooiant by the test fuel a Gow centrol valve.
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accustic Siters and thermal swell accumulators to attenuate any pressure surges from fuel
failure, and electrical heaters to control the inlet temperature.

The Battelle Paci6c Northwest Laboratory four-rod test train assembly was used for
Test RIA 1-1. The test train assembly positions the test fuel rods in the driver core test
space and provides support for a variety of test instrumentation hardware. Four
independently shrouded fuel reds were rigidly secured at their top end to the assembly, but
were iree to expand axially downward. .\n axial eross section of Test RIA 1-1 test train
assembly is shown in Figure 4, and Figure 5 is an orientatien schematie of the test fuel rods.
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3Five test fuel rods were used in Test RIA 1-1. Two MAP 1 fuel rods, Rods 501-1 and
80l-2, were previously irradiated to a burnup of approumately 4600 mwd /t in the Saxton

lReactor Three unirradiated fuel rods, Rods 801-3, 801-4, and S01-5, were built by
EG&G Idaho,Inc. Rod 801-4 was removed from the test assembly and replaced with
Rod S01-5 after the power calibration and conditioning phases of the test were ecmpleted
but pnor to the power burst. The rod designations and burnups are given in Table 1. The
nominal design characteristics of these fuel rods are listed in Table 11.

The top end cap was removed from Rod 301-1 and replaced with an end cap
containing a pressure transducer. The rod was then backtilled with 77.7'"c helium and
22.37c argon ta a pressure of 0.103 MPa. This gas mixture simulates the thermal
conductivity of the till gases, including tission gases in the MAPI fuel rods. Rod 801-2 was
not opened prior to testing. Unirradiated Rods 801-3,801-4, and 301-5 were backtilled with
commercially pure helium to a pressure of 0.103 MPa.

_

a. The MAPI rods were built by Westinghouse Electric Ca. and irradiated in the Saxton
Reactor for the Mitsubtshi Atomic Power Industnes, Inc., Tokyo, Japan.
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; 'S 38 mm

N erin

Z;rcalcy N tron Cack
nater tute r

Cuacrant 4 Cuacrant 1.

rr u

Accs 201-4 and Pcc S01-1

I
Cuadrant 3 Cuadrant 2

j

Stainless . /'"^ ,'' '

p k'% l / ksteel insert '

i

' / /;\
os/ i, , , , i

Red 501-2 Pod 201-3 (PT flew

b snrcud

O
!NEL-A-10 672

Eg. 3 Test St rod orientadon se.emate.

Individual :ircalcy-4 tiow shrouds, having a nominalinner diameter of 16.30 mm and
an cuter diameter of 22.60 mm. surrounded each red. An orific: plate with a

6.95 : 0.025-mm diameter hele was located below each shroud.
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TABLE I

TEST RIA 1-1 RCD DESIGNATIONS AND BURNUP

Westinghcuse Electric Average
Test RIA 1-1 Cemoany Corresponding Surnue

Red Identification Red Identification (P4d/t)

301-1 M-42 4600

801-2 M-9 4650

801-3 958 Unirraciated

801-4 951 Unieradiated

801-5 950 Unirradiated

n.
,

' ; s_ /,
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TABLE II

TEST RIA 1-1 FUEL RCD DESIGN CHARACTERISTICS

Irradiated Unirradiated
Characteristics Rods 801-1 -2 Rods 801-3 d. -5

Fuel

.

Materi al UO CO
2 2

dellet cutside diameter (m) 8.59 8.53

Pellet length (m) 15.2 15.2

Pellet enrichment (wt%) 5.7 5.8

Censity (% theoretical density) 94 94.5

Fuel stack length (m) 0.914 0.914

End configuration Dished Dished

Cladding

Mi.te r i al Zircaloy-4 Zircalay-a

Tube cutside diameter (mm) 9.99 9.93

Tube wall thickness (m) 0.572 0.533

Yield strength (MPa) 570 570

Ultimate strength (ppa) 700 700

Fuel Rod

Gas plenur length (m) 45.7 45.7

Insulator pe1iets None None

a. Data are preir-adiation values.

10
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2. EXPERIMENT CONDUCT

Test RlA 1-1 compnsed two heatup phases, a power cahbration and preconditioning
phase, and the power burs'

2.1 Heatun Phases

Pnor to nuclear operation for both the power calibration and preconditionmg phase
and the power burst, the li'T system coolant conditions were established at 6.45 MPa
pressure and 538 K II'T inlet temperature. The tiow rate through each test rod shroud was
adjusted to 0.~o 1/s for the power calibration and preconditioning phases but was reduced (o

-

0.085 !!s for the power burst.

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

pH range 5.7 to 10.2

Specitic conductivity 1.4 to 48 gS/cm

Dissolved oxygen Less than 0.1 ppm

Chlorides Less than 0.!5 ppm

Total suspended solids Less than 1.0 ppm

Instrumentation calibrations were also performed throughout the heatup phases.

2.2 Power Calibration and Preconditionine Phase

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

Test rod conditioning was accomplished by several cycles of reactor power changes.
The power cycles promote fuel pellet cracking and relccation, and contribute to tission
product inventerv build up which improves cladding failure indication by the fission
product detection system dunng the burst testing. T'ie reactor core power history during
the pcwer calibration and preconditioning phases is summanzed in Table IIL

Following the completion of the power calibration and preconditioning phase, the
test train 1ssembly was removed from the IPT and test Rod 301 1 was removed and replaced
with a fresa unitradiated red, Rod 301-5. This exchange was TnHe to Mde a rod for

7[L .
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TABLE III

CCRE PCWER HISTCRY CURING THE TEST RIA 1-1
PCWER CALIERATION AND PRECCNDITIONING PHASE

Duraticn Reactor Pcwer
(minutes) (MW1 Ccmments

0

6 0 to 1.0 Start of power calibraticr.

S 1.0

a 1.0 to 0

0

8 0 to 2.5

1 2.5

? 2.5 to 5.0

2 5.0

10 5.0 to 7.5

5 7.5

12 7.5 to 11.6
a 11.6

12 11.5 to 15.1
11 15.1

15 15.1 to 18.6
12 '8.6
13 18.6 to 22.0
24 22.0

40 22.0 to 25.5 to 0 Shutdcwn for plant aajustments
0

20 0 to 7.5

4 7.5

14 7.5 to 11.6
5 11,6

13 11.6 to O Shutdown for plant adjustments

0

20 0 to 7.5

5 7.5

10 7.5 to 11.6

,a : "3
''!' '-12 -



TAELE III (continued)

Duraticn Reacter Power
(minutesi (FW) Ccmments

5 11.6

8 11.6 to 15.1
a 15.1

8 15.1 to 18.6
5 18.6

9 18.6 to 22.0
3 22.0

3 22.0 to 25.5
23 25.5

6 25.5 to 27.0
57 27.0 Pcwer calibraticn comoletec
47 27.0 to 1.7 Additional preconditiening

3 1.7
44 1.7 to 25.5
60 25.5

43 25.5 to 1.7

5 1.7

38 1.7 to 22.0
60 22.0

28 22.0 to 1.7

13 1.7

23 1.7 to 18.6
17 18.6

8 18.6 to 15.1
4 15.1

3 15.1 to 11.6
J 11.6

10 11.6 to 7.5

2 7.5

8 7.5 to 4.0

2 1.0

8 a.0 to O Precen;1tianing cocoleted

13 , , ,
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posttest burnup analysts wh:ch had not received any pretransient irradiation. The total
energy deposition dunng Test RIA 1 1 power buist will be determined from this burnup
analyts later. The four dux wires mounted on the outer surface of each now shroud were
also replaced at this time.

2.3 Power Burst

The test train assembly was re:nstalled in the IPT test coelant conditions were
established, and a sinzie power burst to a peak power of about 24 000 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 control and transient rods have not been grossly mispositioned
and no potentially dangerous reactivity addition will be made. The sequence of events used
to complete the power burst are shown in Figure 6 and desenbed as follows:

(1) The control rods were withdrawn from their shutdown positions
(Figure 6a) until enticality was achieved at about 100 W and the
low power critical position of the control 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 suberitical.

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

(4) The control rods were then withdrawn again to reestabiish
enticality at a low power lew! (Figure 6d). The reactivity
inserted by the withdrawal of the control rods and the .torth 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.

(5) 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
t Figure 6e).

O To initiate the power burst. all four transient rods were ejected
at a velocity of about 950 cm,s (Figure 60. The power burst was

la ; ,
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self-terminatine by Doppler reactivity feedback which is carat,le
of t ermina tin g the burst without primary dependence on
mechanical systems. All eignt co1 trol rods were completely
:nderted into the dnser core immediately following the comple-
tion of the burst to provide a mechanical sautdown of the
reactor.

Test rod instrumentation and the tission product detection system indicate that the
test fuel expenenced c! adding faalure. Posttest examination revealed that all four of the test
fuel reds failed dunng or following the burst.

lo _,
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Ill. LNSTRUSIENTATION AND .\lEASURE5fENTS

Instrumentation for Test RIA 1-1 was designed to aid in detenmning tuel rod response
charactenstics and failure mechanisms during an RIA event. The measurements presented in
tius report have been divided into three instrumentatian sections: (a) fuel rod, (b) test train,
and (c ) plant.

1. FUEL ROD INSTRU5fENTATION
.

Irradiated Rod S01-1 was instrumented for measurement of the internal gas pressure,
e! adding surface temperature, and cladding elongation. Unitradiated Rod 801-3 was fully
inst umented for measurement of the internal gas pressure, cladding surface temperature,
fuel centerline temperature, plenum temperature, and cladding elongation. Rods 801-2,
801-4, and 80 t 5 ' vere instrumented only for cladding elorgation

The fuel rod instrumentation is further specified in the following desenption and the
geometne onentat:en is shown in Figure 7. The measurement identitiers 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 instrument (TT), a plant instrument (PT or FP, for
tission product detection system), or a test rod number.

(1) One molybdenum-rhenium sheathed, tungsten-rhenium thermo-
couple (FUEL T5fP 79 03) was located at 0.790 m above the
bottom of the fuel stack of Rod 801-3 to measure the fuel
centerline temperature.

(2) One EG&G Idaho. Inc., stainless steel sheatned, magnesia insul-
ated, Type K therm couple (PLN51 T5fP 03) was located at the
centerline of the spnngin the upper plenum region of Rod 301-3
to measure the plenum gas temperature.

(3) Two EG&G Idaho, Inc., titanium sheathed, magnesia insulated,
Type S (platinum /10% rhodium-platinum) cladding surface
thermocouples with spaded junctions were installed on each of
Rods 801-1 and 301-a. The thermocouples on irradiated
Rod 301-1 were resistance welded to the cladding outer surfaceg
0.46 m from the fuel stack bottom at 180-degree azimuthal
orientation (CLAD T5fP 46-IS001). and 0.79 m from the fuel
stack bottom at zero-degree azimuthal orientation

(CLAD T3fP 79-0 01). The unitradiated Rod 801-3 thermo-
coupie; were laser welded to the cladding outer sur' ace 0.46 m
from the fuel stack bottom at zero-Jegree azimuthal onentation

> ;
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/ JN INEUT FLX 82-C1'T'
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INEL- A-10 671

F.g. 7 Test fuel rod instru:nentanon onentauon schenanc.

(CLAD TMP 26-0 03), and 0.79 m from the fuel stack bottom at
IS04egee az:muthal orientation (CLAD TMP 9150 03t The
zero-legee nimuthal positien of each quadrant is toward the
center of the assem'ciy.
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(4) One o.9 \tPa Kaman Sciences Corp. pressure transducer was
mounted en Rods 501-1 iROD PRES 6.9 KA 01 and S01-3
(ROD PRES 6.9 KA 03) to measure rod internal pressu e in the
upper pienum.

2. TEST TRAIN INSTRDIEN'TATION

The test tram hardware provided support for a vanety of measurement devices wn2ch
pnmanly provided L'fermation on the coolant vanables and neutron dux in the in-pile tube.
The te<t tram instrumentat:en is shown in Figure 3 and spec:ded m the feilowmg
desenprion.

All of the test tram thermocouples were stainless steel sheathed, magnesia insulated,
and supplied by Centrol Products Corporation.

t1) A Chromel-Alumel Type K, thermocouple was mount .d at each
fuel rod dow shroud inlet to measure the ecoi n inlet
temperature (INLT T31P 01. 0 03,04,05).

(2) A Chromel Alumel Type K, thermoccuple was mounted at each
fuel rod dow shroud outlet to measure the coolant outlet
temperature (OCT TEhiP 01,02,03,04.'05).

(3) Two paired Chmmel-Alumel, Type K thermocouples, one loca-
ted at the fuel rod shrcud inlet and the other at the outlet,
measured the temperature rise in the coolant (DEL TE3tP 01,
02, 03,04,05).

(4) Three coolant pressure transducers, a 69-N!Pa EG&G Idaho. Inc.,
a 17.2-NIPS Kaman Sc:ences Corp., and a 17.2->lPa Schaevit::
Eng:neering, were located above the fuel rod dow shroud outlets
in the upper test tram to measure the transient pressure response
and normal system pressure (SYS PRES c9 EG LTT) (SYS
PRES 17 KA LTT)(SYS PRES SCHAV LTT).

(5) Four Kaman Sc:ences Corp., coolant pressure transducers were
connected with tubing to the axial power peaic locatica ?f the
fuel rod dow shroud intenors to measure individual shroud
tmnsient pr-ssure pulses generated dunng the burst 2nd by fue!
rod fdure (SHRD PRES I7 KA 01,02. 03,04,05).

(6) A Flow Tecnncicgy, Inc., n:rbine dowmeter,Iccated at the iniet
of each fuei rod dew shroud, measured the volumetde dow rate
in each shroud (FLCWRATE INLET 01. 02,03,04/05).

19 , - o"
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(7) An EG&G Idaho, Inc.. variable differential transformer was
mounted below the lower end of each fuel rod to measure the
cladding axial elongation (CLAD DSP 01. 02,03,04 05).

(3) A Gux wire was mounted on the outer surface of each fuel rod
now shroud at the ISO-degree onentation to measure the
integrated neutron dux. Flux wires with 0.51?c cobalt and
99.494 aluminum content were used during the power calibra-
tion and preconditioning phase. These wires were removed and
replaced with 100"e cobalt wires before the transient power
burst. Tne results of these measurements will not be presented in
this report.

(9) Ten ARI Industnes self-powered neutron detectors (SPNDs)
were located in two vertical columns ISO-degrees apart in
Quad-ants I and 3 to measure the relative neutron Gux. The
der ; tor midpoints in each quadrant were !ccated 0.09, 0.27,
0 6, 0.64, and 0.82 m above the bottom of the fuel stack
(NEUT FLX 9. 27, 46. 64, 82 - Q1 TT) (NELT FLX 9, 27, 46,
64. 82 - Q3 TT).

3. PLANT INSTRU5fENTATION

The plant instrumentation inluded measurement of the PBF driver core power and
the expet; mental loop coolant pre;sures. Ionization chambers sensitive to gamma and
neutron ra tiation provided steady state and transient operating information, and their
locations at' shown in the driver core cross section. Figure 9. A simplided schematic
diagram of tt.e experimental loop showing the locations of pressure transducers and the
5ssion product detectors is presented by Figure 10. The tission product detection system
(FPDS) withdrew a centinuous sample stream from the coolant loop near the IFT outlet and
monitored the sample for fission products which would indicate test rod failure. The
coolant transit time from the IFT to the detectorlocations was approximately 3.2 minutes.
The plant instrumentation is speci6ed in the following desenption.

(1) One 2.5- by 3.8-cm Nal crystal gamma ray detector was used to
determine the gross gamma count rate in the sample line before,
during, and after tission product release. The output from this
detector was fed into two single channel analyzers. One analyzer
(FP GA313fA NO. I FP) measured the gamma-ray intensity in
the 150- to 3400-key energy range and the other (FP GAh!)fA
NO. 3 FP) in the 3400- to 6300-key energy range.

C) One 7.6- by 7.6-em Nal crystal gamma ray detector IFP GA31-
NIA NO. 2 FP) did not view the sample stream but measured :he
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effectiveness of the detector enclosure shielding against direct
reactor radiation. This detector measured the gamma-ray inten-
sity in the 150. to 6300-key energy range.

(3) One BF3 delayed neutren detector (FP NEUT FP) was used to
detect delayed neutrons in the sample stream.

(-O Two Westin2 house Eectr:c Corporation. WX-31904. ritregen
d!!ed ionizatica :hambe:s, TR-1 [(REAC POW $0TRIPT) 'ow
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.

range, t REAC POW 50KTR1FT) high rangel and TR-2 [t REAC
POW 50TR FT) low range, t REAC POW 50KTR FT) high
rangel were designed to measure power transients to 3: GW.
Chambers TR-1 and TR-2 are Iccated outside the core barrel at
about 335 degrees and 145 degrees, respectively, from the
reactor north,

t5) Two Westinghouse Electric Corporation, WX-31845, evacuated
ionization chambers, EV-1 [(REAC POW 50EVIFT) low range,
(REAC POW 50 KEV 1PT) high rangel and EV-2 [(REAC
POW 50E'J2PT) low range, (REAC POW 50 KEV 2FT) high
rangel were designed to measure high power trans:ents to
200 GW. Chambers EV-1 and EV-2 are located near the north
and south comers, respectively, of the reactor core support
structure.

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

(7) Three American Standard Norwood 34.5-51Pa air-cooled pressure
transducers, PT-20 ( LOOPPRES 5-20 FT), PT-21 ( LOOP-
PRES 5-21 FT), and FT-23 (LOOPPRES 5-23 FT) were also
measuing coolant loop pressure surges.

(3) Two Precise Sensors Inc., 34.541Pa pressure transducers,
FT-24 (LOOPPRES 5-24 PT) and FT-25 (LOOPPRES 5-25 FT)
measured surge > propagating further into the coolant loop
piping.

/// , y /!
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IV. DATA PRESENTATION

The data from Test RIA 1-1 are presented with brief comment. The processing
analysis has been performed only to the extent necessary to obtam appropnate eng:neering
units and to ensure that the data are reasonable and consistent. All the data m this report
were subjected to a thorough review by companng instrument channel outputs with
duplicate measurements. calculated parameter values, initial conditions, and pre- a.id
postealibration 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 categonz:ng
:he data as follows:

.

t1) Quali6ed engineenng unit data (QEUD) have been qualified to
represent the vanable being measured within specided uncer-
tainty limits

C) Restrained data - appear reasonable but are not within certainty
limits, or data are not available from an independent channel for
companson

(3) Trend data - are suitable for illustrative purposes but probably
not for numencal analysis

(4) Failed data - are irretnevable due :o a transducer, signal
conditioning, or data channel failure or inadequate rejection of
extraneous noise, transients, or frequencies.

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 condgured to
record at four different bandwidths:

(1) de to 10 Hz

C) de to 100 Hz

(3) de to 5 kHz

(4) de to 20 kHz.

Table IV lists all the measurements included in this report, specides the measurement
location and instrument type. indicates detector range and frequency response and
PSF!DARS recording range vd bandwidth, references the measurement to the correspon-
ding 6gures, and lists the quali6 cation category of each data segment. Data that have been
fully qualided as QEUD have been so noted in the Ggure caption.

.
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The data graphs. Figures i1 through 64, for the power burst are presented on the
subsequent pages of this report. Tirne zero for the power burst data is tne time of peak
reactor power The power calibration and pre.. nditioning data are included on microtiche.

which is attached to the back cover of this report. The scales selected for the graphs do not
reflect the obtainat.'e 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. B
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APPENDIX A

POSTTEST DATA ADJUST >lENTS AND QUALIFICATION

11any of the instrumentation transduce s used dunng t! e conduct of Test RIA l-l are
recognized to have the potential for responding erroneously, in varying degrees, to
extraneous environmental stimuli such as pressure, temperature, neutron Dux. gamma
radiation, vibration, and mechanical strain. In addition, the data acquisition and recording
system and the signai conditiening equipment may also have contnbuted unwanted or
distorted signals to the measurement channel while the transducer output was being
processed and recorded.

Although the errors intaduced into the data by these spurious secondary inputs
generally do not exceed the specided error ranges of she transducers, signi5 cant
improvement in measurement accuracy can be achieved if the secondary sensitivity can be
identi5ed and removed. Since the exact values of the spunous inputs to which different
transducers might be sensitive cannot be easily p:elicted 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 Behanor
Program testing are appraised by a data integrity review committee for quality and valid"v.
The appraisal process determines whether the measurement channel output represents :
phenomenon being measured. The data revicw and exami_;.uon process ascertains that
veriHed calibration equations have beer. .pplied and that offsets and corrections have also
been applied to remove any identiGable spurious secondary effects from the data. As a
result of the review and examination by the review committee, each measurement is
assigned one or more of the following classidcations as a function of time.

(1) Oualified er.cineerine unit data (OEUD). These data represent
the phenomenon measured within the de6ned uncertainty limits.
These data must meet the following enteria: (a) verided calibra-
tions and all corrections have been applied, tb) independent data
was used for companson with this dat.and agreement was found
between the data dunng the period of interest within speciGed
uncertainty limits, (c) veriGed engineering unit conversion equa-
tions have been applied, and ( *) uncertainty limits have been
established and can be verified.

C) Restrained. _These data represent the phenomenon measured
with one or more of the following constramts: (a) verided
calibrations have been applied but not aP corrections have been
made, t b) offsets and corrections earu.it be adequately deter-
mined, and P) uncertainty Hmits have be:n established but
cannot be adequately venged.

M
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(3) Treg. These data have been verided to repraent the relative
changes in the phenomenon but do not necessari;y represent the
absolute leve! in the measured phenomenon due to: t a) ins tru-
ment 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, (c) uncertainty limits cannot be adequately quanti-
ded, (d) transducer performance is questionab'e but relatively
correct, or iei 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. Ib) wild points have been removed, (c) data have
been appropriately Gltered, and (d) relative uncertainty limits
have been de6ned.

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

Voltage insertion calibrations are made on all measurement channels at the start and
conclusion of each test period in the PBF. The corrections and offsets applied to the data
are based on pretest and pesttest calibraticas pcrformed on all measurement channels. The
linear offset adjustments and electronic gain changes appli:d to Test RIA 1-1 data per the
review committee acproval are presented in Table A-I.
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EBLEA-I

POSUEST D ATA 2DJUSTMENTS

_

El ec trcnic
Offset Correction Gain Correction

Preconditioning Preconditiening
and Pcwer Pcwer and Dewer Power

Measurement Calibration Burst Calibration Burst

Fuel Rods

FUEL TEMP 79 03 0 0 0.98 0.98

PLNM 'MP 03 0 0 1.0 1.0

CLAD TMP 46-18001 62.6 K 14.0 K 1.0 1.0
CLAD TMP 79-0 01 52.6 K 7.0 K 1.02 1.0
CLAD TVP N-0 03 73.6 K 0 1.0 1.0
CLAD TMP 79-18003 62.6 K 7.0 K 1.0 1.0

RCD PRES 6.9 KA 01 5.45 MPa 5.1 MPa 1.0 1.0
ROD PR ES 6.9 KA 03 7.0 MPa 8.0 MPa 1.0 1.0

Test Train

INLT TMF 01 0 0 1.0 1.0
INL- TMP 02 -3.0 K -3.0 K 1.0 1.0
INLT TMP 03 0 0 1.01 1.01
INLT TMP 04/05 -1.0 K -1.0 K 1.01 1.01

CUT TEMP 01 0 0 1.015 1.015
CUT TEMP 02 0 0 1.01 1.01
CUT TEMP 03 0 0 1.005 1.005
OUT TEMP 03/05 -1.0 K -7.0 K 1.01 1.0!

DEL TEMP 01 -0.9 K -0.3 K 1.0 1.0
D EL TEMP 02 0 -0.7 K 1.0 1.0
DEL TEMP 03 -2.0 K 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 1.02
SYS PR ES 17 KA UTT 0.76 MPa 0.58 MPa 1.0 1.0
SYS PRES SCHAV V7 -6.78 MPa 1.0

SHRDFR ES 17 KA 01 -1.59 MPa 0 1.0 1.0
SMRDPR ES 17 KA 02 2.71 MPa 1.02 1.0
SHRDPoES 17 KA 03 -2.43 '1Pa -1. 3 1.02
SHRDPR ES 17 KA Ca/C5 5.27 MPa 0 1.0 1.0

r, n c- , ,,
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TABLE A-I (continuedi

Ele trcnic
Offset Correction Gain Correction

Preconditioning Precenditiening
and Pcwer Power and Power Power

Measurement Calibra*ien Burst 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
FLOWR ATE INLET 04/05 0 0 1.0 1.0

CLAD DSP 01 2.04 mm 6.75 mm 1.0 1.0
CLAD DSP 02 3.01 mn 7.3 mn 1.0 1.0
CLAD DSP 03
CLAD DSP C4/05 2.90 mm 1.0

NEUT FLX 9-01 TT 0 1. 6
NEUT FLX 27-01 TT 0 7.0
NEUT FLX 46-01 TT 0 0 1.0 1.0
NEUT FLX 54-01 TT 0 0 1.25 0.95
NEUT FLX 82-01 TT 0 1.0
NEUT FLX 9-03 TT 0 1.0
NEUT FLX 27-03 TT 0 1.0
NEUT FLX d6-03 TT 0 1.0
NEUT FLX 64-03 TT 0 1.0
NEUT FLX 82-03 TT 0 1.0

Plant

REAC POW 50TRIPT 0.C02 MW 1.0
R EAC POW ECKTRIPT 0.2 GW 1.C
REAC PCW 50TR2PT 0 1.0
R EAC POW SOKTR2PT
REAC POW 50EV1PT 0 0 1.0
REAC POW SCKEVIPT 0.2 GW 1.0
REAC POW 50EV2PT 0 1.0
R EAC POW SCKEV2PT -1.3 GW 1.0

F? GAPA NO.1 FP 0 0 1.0 1.0
FP GATA NO. 2 FP 0 1.0
FP GAPA NO. 3 FP
FP NEUT FP 0 0 1.0 1.0

LOOP RRES 5-20 PT -2.03 MP3 1.0
LOOP PRES 5-21 ?T =1.46 MP3 '0..

LCCP PRES 5-22 ?T -1.57 MP3 1.0
LOOP PRES 5-22 PT 1.a4 VP3 -1.0

- ,-
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, TABLE A-I (continuec)
_

Electrcnic
Offset Correction Gain Correction

Preconditioning Preconditioning
and Pcwer Pcwer and Power Pcwer

Measurement Calibration Burst Calibration Burst

Plant Icontinueal

LCOP PRES 5-24 PT 1.02 MPa 1.0
LOCP :RES 5-25 PT -1.01 MPa 1.0
LOOP PRES 5-2a ST 2.47 MPa 1.0
LCCP PRES 5-35 PT

t.',',', O20
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APPENDIX B

UNCERTAINTY A"ALYSIS

Analyses have been performed on selected representative data from the power burst
phase of Test RIA 1-1 to provide a guide to the uncertamty assoe:ated with data
measurements in the PBF system. Three possible sources of data measurement error were
analyzed - conversion to engmeering unit uncertainties, bias uncertainties due to offset
applications, and random variations in the data. These sources are not inclusive of all the
uncertainties that may exist in mest measurements and therefore should not be considered
indicative c,f the total uncertainty levels in the Test RIA l-1 data.

(1) Conversion to eneneerine unit uncertainties. Dunng the cali-
bration and development of eng:neering unit conversion
polynomials, a value for the standard deviation te) of each
measurement was determined.

The Grst column of Table B-l lists these 2-0 deviations assigned
to each measurement.

C) Bias uncertaint'es for acclied offsets. All data m this report were
reviewed to deternune the quality and va'idity of the data. Each
measurement was compared with redundant or similar measure-
ments, calculated 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 :-o deviations are listed in the second column of
Table B-I.

(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 wer- empirically 5tted with a linear
difference equation, which was subject to a white noise input at
each sampling time point. The object of the empirical 5tting
procedure was to characterize the white noise, which was taken
to represent the random variability. The procedures for 5tting
the difference equation are discussed in depth in Reference B-1.
A data trace was often segmented and different equations were
5tted to each segment with statistical correlations between
successive observations accounted for by the 5tting procedure.
The white noise input was assumed to anse from a normally
distnbuted population. The standard deviation of the white
ncise as denved from the fitting procedures was taken as an
estimate of the random uncertamty standard deviation, and has

q7n-
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TABLE B-I

YEASlfREMENT UNCERTAINTIES FCR TEST RIA 1-1

Engineering Unit Bias for Figure
Conversion Applied Shewing Ranccm

Uncertainties Offsets Uncertainty fcr

( 2 7) ( 2 7) Selected Data

Fuel Rods

FUEL TMP 79 03 125.7 K 23.0 K B-1

PLNM TMP 03 + 1.47 K +2.0 K

CLAD MP 46-15C01 + 1.06 K +2.0 K B-2, B-3

CLAD TMP 79-0 01 + 1.06 K +2.0 K B-4, B-5

CLAD TMP 46-0 03 + 1.06 K +2.0 K B-6, 3-7

CLAD TMP 79-18C03 + 1.06 K +2.0 K B-8, 3-9

R00 PRES 6.9 KA 01 NA None

ROD PRES 6.9 KA 03 NA

Test Train .

INLT TMP 01 + 1.47 K 11.0 K B-12

INLT TMP 02 1 1.47 K +1.0 K B-13

INLT TMP 03 + 1.47 K +1.0 K

INLT TMP C4/05 + 1.47 K +1.0 K

CUT TEMP 01 1 1.47 K +1.0 K B-14

CUT TEMP 02 2 1.47 K 21.0 K S-15

CUT TEMP 03 2 1.47 K 21.0 K
CUT TEMP C4/05 + 1.47 K +1.0 K

D EL TEMP 01 + 0.92 K +0.1 K B-16
,

DEL TEMP 02 + 0.C6 K 10.1 K B-17

DEL TEMP 03 10.17 K 10.1 K
_0.1 KDEL TEMP C4/05 + 0.53 K +

^
SYS PRES 69EG UTT NA 10.:

2 1 MP2 3-130SYS PRES 17KA UTT NA

SYS PRES SCHAV UT7 NA 10.1 MPa

SPRD PRES 17KA 01 1 0.15 MP3 10.1 MPa 3-19

_.0.15 MP3 _0.1 MPaSFR0 PRES 17KA 02 + +

SERD PRES 17KA C3 1 0.13 MP3 _-0.1 MPa
SERD PRES 17KA C4/05 ; 0.C9 MPa 20.1 MP3
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TABLEB-I(continuen

Engineering Unit Sias for Figure
Ccnversien tooliec Shewi ng R andem

Uncertainties 0.'ffsets Uncertainty for
(2 A f2A Selected Data

Test Train (tentinuec)

FLOWRATE INLET 01 + 1.23 x 10-3 1/s ~4.005 1/s 3-10
I .05 x 10-3 1/s 4.005 1/s D-11FLOWRATE INLET C2 1

I .04 x 10-3 1/s 7 .005 1/sFLOWRATE INLZT 03 02

FLCWPATE INLET 04/05 [1.79x10-31/s [4.0051/s
CLAD DSP 01 NA +0.02 m
CLAD DSP 02 NA _0.02 m+

CLAD DSP 03 NA _0. 02 m+

CLAD DSP C4/05 NA _4.02 m

NEUT FLX 9-Q1 TT NA 0

NEUT FLX 27-Q1 TT NA 0

NEUT FLX 46-01 TT NA 0

NEUT FLX 64-01 TT NA 0

NEUT FLX 82-Q1 TT NA 0

NEUT FLX 9-Q3 TT NA 0

NEUT FLX 27-03 TT NA 0

NEUT FLX 46-03 TT NA 0

NEUT FLX 64-03 TT NA 0

NEUT FLX 82-03 TT NA 0

-Plant

REAC POW 50TRIPT NA 4.0C05 PW
REAC POW ECKTRIPT NA S.01GW

~

REAC POW 50TR2PT NA 0
REAC PCW SCKTR2PT NA 4.01 GW

~

REAC PCW 50EV1PT NA 0
REAC POW SCKEVIPT NA ~+0.01 GW
REAC POW 50EV2PT tiA 0

REAC PCW 50 KEV 2PT NA _4.01 GW

FP GAWA NO. 1 F3 NA Ncne
FP GA WA NO. 2 FP NA None
FP GA W ; ?.0. 3 F? NA Ncne
FP NEUT P NA Ncne

n -' 7-

' ' ) (.
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TABLE 3-I (continued)

Fngineering Unit Bi as f or Figure
Conversion Apolied Shcwing R andcm

IP. certainties Offfsets Uncertainty 'or
( 27) ( 2 7) Selected Data

Plant (continueal

LOOPL ES 5-20 PT 0.182 M?a 10.1 MP3
LCOPPRES 5-21 PT 0.159 MP3 10.1 MPa
LOOPPRES 5-22 PT 0.150 MPa 10.1 MPa
LOOPPRES 5-23 PT 0.150 MP3 _4.1 MPa
LOOPPRES 5-2* PT 0.207 MPa 10.1 MPa
LOOPPRES 5-25 PT 0.128 MPa 10.1 MPa
LCOPPRES 5-34 PT 0.117 MPa _4.1 MPa
LOOPFRE." 5-35 PT 0.113 MPa 10.1 MP3

been clotted as an upper and lower uncertainty 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 tit within the errer bands. If any tiltering
p'.ocess is applied to the original data the random uncertainty
obt:uned from the origmal data would no Icnge. cisely apply.

The values '.isted in Table B-I and the random uncertainty plots correspond to 1.96 a

which represents a 95~c confidence level.

The method used to estimate the random component of the uncertainty was observed
to tend to retiect the total noise content of the data t:.at anses from sample repeatability,
electrical noise, the measured event, and extraneous phenomencnoccurdng during the test.

To rigorously charactenze the separate random componcats of a measurement would be
difficult, although one or more of these components could possibly be tiltered from the
ncise which was used to determine the random uncertainty.

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. A detailed and comprehensive measurement independent
uncertainty analysis of the PBF measurement system is cur ently in progren.

The measurt: ment dependent uncertainties are the most difficult to analyze and will

probably never be rigorously presented in m experiment data report (EDR).
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