
f
.

.

NUREG/CR-0765
TREE-1271

for the U.S. Nuclear Regulatory Commission

N

EXPERIMENT DATA REPORT
FOR TEST RIA 1-2

(REACTIVITY INITIATED ACCIDENT TEST SERIES)

CAROLYN L. ZIMMERMANN CHRISTINE E. WHITE

ROBERT P. EVANS

gf o\\6'W
J une 1979

r
(
i!/
F

|' 11Q 66ES Idaho, Inc.
.

._

. 6r ' A--

||
~

3 ig pi i

M IDAHO NATIONAL ENGINEERING LABORATORYny g
4 R1 .

, -

Q' - rq W e RWX.u 4MTv?iig pu,'%7MW':yq;n - ' c
-

' *y

un{m ' hit:'TWq ,jf
.,

spggmm .

a:A;G7 NNki. er m;l ) f 313&
s

''

"dyT. e 3/
Mp,-j g

a v$5Nn2432 3' M'E m
'.

w eaunn
IDAHO OPER ATIONS OFFICE UNDER CONTR ACT DE-AC07-761D01570

.-

>J



%
*

*

*

NOTICE

This report was prepared as an account cf *ork sponscred by
an agency of tre United States Government Ne:fher the United

States Government ncr any agency thereof or any of their
employees manes any warranty expressed or imphed or

assumes a ,y legal habehty cr responsitenty for anyinird party s
use or tnv result s of sucn use. of any information apparatus.
product or procen disclosed in this report. or represents that
its use cy such it : party would not infnnge pr+vate'y owned
ragna

Tre views empressec in this report are not necessarily those of
the li S Nuclear Aequ!atory Commission

Avadacle from
Nat cnal Technical Inf ormanon Serv'ca

Senngo ld. Virginea 22t61e
Pnce Prtried Ccpy A05. PAcroficne $3 00

The price of this docume-t for requesters
outsrce the North American cont:nent ca.
be octair,ed from the Nr.t.cnal Tecan cal i-

i si
information Service ~

p

'

t,

.



*
.

NUREG/CR-0765
TREE-1271

R3

EXPERIMENT DATA REPORT
FOR TEST RI A 1-2

(REACTIVITY INITIATED ACCIDENT
TEST SERIES)

Carolyn L. Zimmermann
Christine E. White

Robert P. Esans

EG&G Idaho, Inc.

Idaho Falls, Idaho 83401

Published June 1979

PREPARED ton fHE
U.S. NUCLEAR REGULATORY CONIN11SSION

AND THE U.S. DEPARTNIENT OF ENERGY
IDAHO OPER ATIONS OFFICE

UNDER CONTRACT NO. DE-AC07-761DO1570
NRC FIN NO. A6041

;, <

,
. -



'

.

ABSTRACT

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

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

(2) Esaluate the effect of rod internal pressure on preitradiated fuel rod response during an
RI A esent.

The data from Test RI A 1-2 are graphed in engineering units and hase been appraised for quality and
salidity. These uninterpreted data are preset;ted for use in the nuclear fuel behasior research field before
detailed analy sis and interpretation base been completed.
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SUMMARY

The Reactivity Initiated Accident (RIA) Test Series I is part of the 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:

(la Characterize the response of preirradiated fuel rods during an RIA event conducted at
boiling w ater reactor (BWR) hot-startup conditions

(2) Evaluate the effect of rod internal pressure on preirradiated fuel rod response during an
RI A es ent.

The Power Burst Facility (PBT) provided a neutron and coolant environment for simulating the
postulated reactivity insertion accident for a BWR at hot-startup conditions. The test facility components
used to meet the test requirements included: (a) a reactor sessel and driser core region to provide the
neutron ensironment, (b) control rods and transient rods to dynanocally control reactisity, (c) a water-
filled in-pile tube (IPT)in the center of the driver core to contain the test rods, and (d) a pressurized water
dow loop to provide the coolant environment in the IPT. Four indisidually shrouded, preirradiated test
rods w ere installed in a test train and positioned in the IPT at the driver core les el.

The test procedure included:

(1) Two nonnuclear heatops to establish the coolant conditions f or 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
relanonship between fuel rod power and core power

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

The PBF data acquisition and reduction system (DARS) recorded measurements to characterize test rod
behasior, 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 serified to ce qualified,
restrained, trend, or failed data. The power burst data are presented in the main body of this report and
data from the power calibration and preconditioning phase are included en microfis attached to the
back coser of this report.
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28. Absolute pressure in the Rod S02-1 shroud (SHRDPRES 17K A 01),
-0.1 to 0.3 s, trend 34

29. Absolute pressure in the Rod 802-1 shroud (SHRDPRES l'KA 01).
-1 to S s, trend 34

30. Absolute pressure in the Rod 802-2 shroud (SHRDPP.ES 17K A 02),
-0.1 to 0.3 s, trend 35

31. Absolute pressure in the Rod 802-2 shroud (SHRDPRES 17K A 02),
-1 to 5 s, trend 35

32- Absolute pressure in the Rod 802-3 shroud (SHRDPRES l'KA 03),
-0.1 to 0.3 s, trend 36

33. Absolute pressure in the Rod 802-3 shroud (SHRDPRES 17KA 03),
-1 to 5 s, trend 36

34 Absolute pressure in the Rod 802-4 shroud (SHRDPRES 17KA 04),
-0.1 to 0.3 s, trend 3'

35. .\bsolute pressure in the Rod 802-4 shroud (SHRDPPCs l'KA 04),
-1 to 5 s, trend 3'

36. Coolant temperature at the Rou S02-1 shroud inlet (INLT TN'' 00, qualified 38

37 Coolant temperature at the Rod S02-2 shroud inlet (INL1 TNIP 02), qualified 38

38. Coolant temperature at the Rod 802-3 shroud inlet (INLT TNIP 03), qualified 39

39. Coolant temperature at the Rod 802-4 shroud inlet (INLT TNIP 04), qualified 39

40. Coolant temperature at the Rod 802-1 shroud outlet IOUT TENIP 01), qualified 40

41. Coolant temperature at the Rod 802-2 shroud outlet (OUT TENIP 02), qualified 40

42. Coolant temperature at the Rod 802-3 shroud outlet (OUT TEN!P 03), qualified 41

43. Coolant temperature at the Rod 802-4 shroud outlet (OL'T TE.\lP 04), qualified 41

44 Coolant temperature increase across the Rod 802-1 <hread (DEL TENIP 01), trend 42

45- Coolant temperature increase across the Rod 802-2 shroud (DEL TENIP 02), qualified 42

46. Coolant temperature increase across the Rod s02-3 shroud (DEL TENIP 03), quahfied 23

47 Coolant temperature increase across the Rod 502-4 shroud (DEL TENIP G4), qualified 43

48 Cladding elongation of Rod S02-1 (CL AD DSP 01), -01 to o.3 s, qualified 44

49. Cladding elongation of Rod 802-14 CLAD DSP 01). < to 40 s, qualified 44

50 ClaJdmg e!ongation of Rod 802-2 ICL AD DSP C. -d.1 to o.3 s, qualified 45

51. Cladding eloncation or Rod S02-2 (CL AD DSP C, ' to 4a s, qualified 45
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52. Cladding elongation of Rod 802-3 (CLAD DSP 03), -0.1 to 0.3 s, qualified 46

53. Claddmg elongation of Rod 802-3 (CLAD DSP 03),-5 to 40 s, restrained 46

54. ' adding elongation of Rod 802-4 (CLAD DSP 04),-0.1 to 0.3 s, restrained 47

55. Cladding elongation of Rod 802-4 (CLAD DSP 04), -5 to 40 s, restrained 47
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(NEUT FLX 64-Q1 TT), restrained 49

60. Neutron flux in Quadrant I at an elevation of 0.82 m abose fuel stack bottom
(NEUT FLX S2-Q1 TT), restrained 50

61. Neutron flux in Quadrant 3 at an elesation of 0.')9 m abose fuel stack bottom
(NEUT FLX 9-Q3 TT), restrained from -0.03 to o.03 s, trend during
other time segments 50

62. Neutron flux in Quadrant 3 at an elevation of 0.2' m abose fuel stack bottom
(NEUT FLX 27-Q3 TT), restrained 51

63. Neutron flux in Quadrant 3 at an elesation of 0.46 m abose fuel stack hottom
INEUT FLX 46-Q3 TT), restrained 51

64. Neutron flux in Quadrant 3 at an elesation of 0.64 m abou fuel 3 tack bortom
-

(NEUT FLX 61-Q3 TT). restrained 52

65. Neutron flux in Quadrant 3 at an elesation of 0.82 m abose fuel stack bottom
(NEUT FLX 82-Q3 TT), restrained 52

66. Gross gamma count rate - 150 to 6300 kev range (FP GAN1NI A NO.2 FP), trend 53

67 Reactor rower from Transiem lonization Chamber 1 (REAC POW 50KTRIPT),
qualified 53

65. Reactor pouer from Transient lenization Chamber 2(REAC POW 50KTR2PT),
qualitied 54

69. Reacter power trom Esa;uated Ionization Chamber 1 (REAC POW 50K:TlPT).
qualified 54

~0. Reactor power from Esaeuated lonization Chamber 2 (REAC POW 50KE''2PT).
qualified 55

B-l. Uncertainty bands for the random sariation component of the measurement uncertainty
for the Rod 802-1 e! adding surface temperature at an eles ation of
0.46 m abose fuel stack bottem (CL AD TNIP 46-18001), from -0.5 to 2 s 0
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B-16. Uncertainty bands for the random sariation component of the measurement uncer' inty
for the absolute pressure in the Rod 802-2 shroud
(SHRD PRES 17KA 02), from -1 to 5 s 77

B- 17. Uncertainty bands for the random variation component of the measurement unertainty
for the coolant temperature at the Rod 802-1 shroud
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MICROFICHE ADDRESSES FOR TEST RIA 1-2

Bi Rod S02-1 cladding surface teinperature at 0.46 m abose fuel stack bottom (CL AD T.\lP 46-18001),
qualified.

Cl Rod 802-1 cladding surface temperature at 0.79 m abose fuel stack bottom (CLAD TNIP '9-0 01),
qualified.

D1 Rod 802-2 cladding surface temperature at 0.46 m abose fuel stack bottom (CLAD TNIP 46-18002),
qualified.

El Rod 802-2 cladding surface temperature at 6.79 m abose fuel stack bottom (CL AD TNIP ~9-0 02),
quaiified.

El Rod S02-4 rienum pressure (ROD PRES 1 KA 04), trend.

Gl Coolant flow rate at Rod 902-1 <hroud inlet (FLO\VRATE INLET 01), qualitied.

H1 Coolaut flow rate at Rod 802-2 shroud inlet (FLOWRATE INLET 02), qualified.

Il Coolant flow rate at Rod 802-3 shroud inlet (FLOWRATE INLET 03). qualified.

JI Coolant flow rate at Rod 802-4 shroud inlet (FLOWRATE INLET 04), qualified.

K1 Absolute pressure in upper test train (SYS PRES 69EG UTT), trend.
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L1 Absolute pressure in upper test train (SYS PRES 17K A UTT), trend.

511 Absolute pressure in upper test train (SYS PRES SCHAVUTT), trend.

N1 Absolute pressure in Rod 802-1 shreud (SHRDPRES 17K A 01), trend.

01 Ab clute pressure in Rod 802-2 shroud (SHRDPRES 17KA 02), trend.

P1 Absolute pressure in Rod 802-4 shroud (SHRDPRES 17KA 04), trend.

B2 Coolant temperature at Rod S02-1 shroud inlet (INLT TNIP 01), qualified.

C2 Coolant temperature at Rod 802 2 shroud inlet (INLT TNIP 02), qualified.

D2 Coolant temperature at Rod 802-3 shroud inlet (INLT TNIP 03), qualified.

E2 Coolant temperature at Rod 802-4 shroud inlet (INLT TNIP 04), qualified.

F2 Coolant temperature at Rod 802-1 shroud outlet (OUT TENIP 01), qualified.

G2 Coolant ter perature at Rod 802-2 shroud outlet (OUT TENIP 02), qualified.

H2 Coolant temperature at Rod 802-3 shroud outlet (OUT TENIP 03), qualified.

12 Coolant temperature at Rod S02-4 shroud outlet (OUT TENIP O4), qualified.

J2 Coolant temperature increase a ross Rod S02-13hroud (DEL TENIP 01), qualified.

K2 Coolant temperature increase across Rod 802-2 shroud (DEL TENIP 02), qualified.

L2 Coolant temperature increase across Rod 802-3 shroud (DEL TENIP 03), qualified.

N12 Coolant temperature increase across Rod 802-4 shroud (DEL TE.\lP 04), qualified.

N2 Cladding elengation of Rod 602-1 (CLAD DSP 01), qualified.

O2 Cladding elongation of Rod 802-2 (CLAD DSP 02), qualified.

P2 Cladding elongation of Rod 802-3 (CLAD DSP 03), trend.

B3 Cladding elongation of Rod 802-4 (CLAD DSP 04), trend.

C3 Neutron Rus in Quadrant 1,0.09 m abose fuel stack bottom (NEUT FLX 9-Q1 TT), restrained.

D3 Neutron flux in Quadrant 1,0.27 m abose fuel stack bottem (NEUT FLX 27-Q1 TT), qualified.

E3 Neutron Bux in Quadrant 1,0.46 m abose fuel stack bottom (NEUT FLX 46-Q1 TT), qualified.

F3 Neutron Gux in Quadrant 1,0.64 m abos e fuel stack bottom (NEL'T FLX 64-Q1 TT) qualified.

G3 Neutron Gux in Quadrant 1. 0.82 m abose fuel stack bottom (NEU T FLX S2-QI TT), qualified.

H3 Neutron Gus in Quadrant 3 0.09 m abose fuel stack bottem (NEUT FLX 9-Q3 TT), qualifieJ.

13 Neutron Gux in Quadrant 3. 0.2' m abose fuel stack bottom (NEUT FLUX 21Q3 TT). qualified.
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J3 Neutron flux in Quadrant 3,0.46 m abose fuel stack bottom (NEUT FLX 46-Q3 TT), qualified

K3 Neutron flux in Quadrant 3,0.64 m above fuel stack bottom (NEUT FLX 64-Q3 TT), qualified.

L3 Neutron flux in Quadrant 3,0.82 m abose fuel stack bottom (NEUT FLX S2-Q3 TT), qualified.

Nf3 Reactor powerfrom Transient Ionization Chamber 1 (REAC POW 50TRIPT), qualified.

N3 Reactor power from Transient Icnization Chamber 2 (P.EAC POW 50TR2PT), quahfied.

O3 Reactor pow er from Evacuated lonization Chamber 1 (REAC POW 50EVI PT), qualified.

P3 Reactor power from Esacuated Ionization Chamber 2 (REAC POW 50EV2PT), qualified.
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EXPERIMENT DATA REPORT
FOR TEST RI A 1-2

(REACTIVITY INITIATED ACCIDENT TEST SERIES)

1. INTRODUCTION

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

The objectnes of the TFBP Reactiuty Initiated Accident (RIA) Test Series are to determine fuel failure
thresholds, modes, and consequences as functions of energy depositions, irradiation history, and fuel rod
design. For the RI A Test Series 1. the pressure, temperature, and flow rate of the coolant will be 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 sesere RIA postu!ated - the BWR control rod diop
accident d. ring hot-startup condinons.

Test RI A 1-2, completed Nosember 22,19'S, aas the second of six planned tests in the RI A Test
Series 1. The main objectises of Test Rl A 1-2 were to:

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

(2) Esaluate the effect of rod internal pressure on preirradiated fuel rod response during an
RI A es ent.

During Test RI A l-2, four indisidually shrouded, preirradiated rest rods were subjected to steady state
operation to condition the fuel and to determine the re!arionship betw ee1 test fuel rod power and : ore
power. Then the test rods were subjected to a single power burst of a' out a 4.3-ms period and a peakc
power of about 13 000 NIW.

This report presents t'te data frorn Test RI A l-2 in a form readily usable befo:e detailed analysis and
interpretation hase been completed. These data were reCewed and serified to be qua'itied, restrained,
trend, or failed data.

Seenon 11 of this eport describes the experimental reactor system used to concu t Test RI A l-2:
Section Ill gises the test procedures and initial test conditions: Section IV specifies th' test instrLmenta-
tion; and Section V presents the data graphs and proudes comments and suppor'ing information
necessary for data interpretation. Appendix A describes the methods used to apply the postie3t correctise
adjustments to the data and the subsequent qualification; and Appendix B is a guide to the uncer'airity
associated with the data.
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11. SYSTEM CONFIGURATION

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

The PBF core is a right-circular annulus 1.3 m fn diameter and 0.91 m in length, enclosing a centrally
located sertical Oux 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 reactisity control during steady state operation. During
power burst operation, the control rods and four additional transient rods dynamically control reactisity.
Each of the control 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 siew of the PBF eore is show n
in Figure 2.

An in-pile tube (IPT) fits in the central Gux trap region and contains the test train ass mbly. 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. Test fuel failures (such as eladding failure,
gross fuel melting, fuel-coolant interactions, fuel failure propagation, fission product release, and metal-
water reactions), can be safely contained in the IPT without damage to the dris er core.

A Dow tube is positioned inside the IPT to direct the coolant now. Coolant enters the top of the IPT
abose the reactor core and flows down the annulus between 'he IPT wall and the flow tube. The now
reserses at the bottom, passes up through the test train, and exits abose the reactor core at the IPT outlet.
The Gow tube censists of an upper stainless steel section, a center zirealoy-2 section for neutron economy
in the test fuel, and a lower earch basket section for a heat sink and collection of fuel fragments. An axial
eross section of the in-pile tube is gisen in Figare 3.

The loop coolant system prosides cooling water for the IPT at controllable pressures, temperatures, and
now rates. For Test RI A 1-2, this system simulated the hot-startup coolant conditions of a BWR. The
sy stem includes a pressurizer, a pump, heat exchangers for remosing the energ; transferred to the coola"t
by the test fuel, a now control vahe, acoustic filters and thermal swell accumulators to attenuate any
pressure surges from fuel failure, and electrical heaters to control the inlet temperature.

Four NI APla fuel rods, Rods 502-1,802-2,802-3, and 802-4, were used during Test RI A 1-2. These rods
lhad been presiously irradiated to a burnup of about 4S00 N1Wd-t in the Saxton reactor The original

Westinghouse Electric Corporation test rod number and the burnup of each test rod are gisen in "able 1.
The nommal design characteristies of the test rods are listed in Table 11.

Rod 302-1 was instrumented and then backfilled with 77.700 helium and 22.3ro argon to a pressur e o-
0.103 N1Pa. This gas mixture simulates the thermal conductisity of fill gases, including fission gases, in he
NI API test rods. Rods 802-2 and 802-4 were instrumented and then backfilled with the ~7.7ro and 22. ro
mixture of helium and argon to a pressure of 2.41 N1Pa. Rod 802-3 was not opened before Test RI A 1.

An indisidual zirealoy-4 flow shroud with a nominalinner diameter of 16.30 mm and an outer diameter
2of 22.6 mm surrounded each test rod and created a coolant now area of 130.3 mm . An orifice plate with

a 6.95 : 0.025-mm-diameter hole was located below each shroud.

The \tAPI rods were built by the Westinghouse E!cetric Corporation, and were irradiated m thea.
Saxton reactor for the N1itsubishi Atomic Power Industries, Inc. Tokyo. Japan.
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The test rods were installed in a four-rod test train fabricated by 13attelle-Pacific Northwest
Laboratories. In this test train, each fuel rod was rigidly secured at the top, but was free to expand axially
dewnward. The location of each test rod is show n in Figure .'
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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-13 5110

802-3 MAPI M-59 4430

802-4 MAPI M-8 4530

TABLE II

TEST RIA 1-2 FUEL ROD DESIGN CHARACTERISTICS

aCharac teri s t ic s Rods 802-1. -2. -3, and -4

Fuel

Material UO
2

Pellet outside diameter (mm) 8.59

Pellet length (mm) 15.2

Pellet enrichment (wt%) 5.7

Density (% theoretical density) 94

Fuel stack length (m) 0.914

End configuration Dished

Cladding

Material Zircaloy 4

Tube outside diameter (mm) 9.99

Tube wall thickness (mm minimum) 0.572

Yield strength (MPa) 570

Ultimate strength (MPa) 700

Fuel Rod

Gas plenum length (mm) 45.7

Insulator pellets None

a. Data are preirradiation ialues of the MAPI fuel rods.
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Quadrant 4 Quadrant 1
Self-powered
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802-3 Rod

802-2

Shroud '
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Fig. 4 Test rod arrangement of the four-rod hardware for Test Rf A 1-2.
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Ill. EXPERIMENT CONDUCT

Test Rf A l-2 included two nonnuelear 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 seseral loop temperatures to initialize instrument readings and to ensure that eritical
instrumentation was operable.

1. HEATUPPHASE

A prepower calibration heatup established the loop coolant conditions specified for the power calibra-
tion and preconditioning phase - 538 K for the inlet temperature,6.45 N1Pa for the pressure, and 0.760 If 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 temperature,6.45 .\lPa for the pressure, and 0.0851/s for the now rate in
each shroud.

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

pH range 5.7 to 10.2
Specifie conductis ity 1.4 to 48 uS em
Dissob ed on gen Less than 0.1 ppm
Chlorides 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,
seseral more status cheeks were performed on the instrumentation at seseralloop temperatures to confirm
operability of theinstramentation.

.

2. POWER CALIBRATION AND PRECONDITIONING PHASE

For Test RI A 1-2, the power calibrations and the preconditioning were performed concurrently. The
power calibrations were conducted to calibrate the thermal-hydraulically 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 insentory of the test rods for eladding failure indication by the Fission Product
Detectica System during the power burst. The reactor core power history during the power calibration and
preconditioning phase is summarized in Table Ill. In addition. the reactor was operated for a total of
about 125 mmutes during seseral aborted reactor startups for the power calibration.

After completion of the power calibration and preconditioning phate, the coolant loop was cooled to
ambient conditions and depressurized. The test train was remosed fram the IPT and the four flux wire 3
mounted on the outer surface of each test rod shrord were replaced with 10Fo cobalt flux wires.

3. POWER BURSTTESTING

After a heatup to estabiish the loop coolant conditions at 538 K. 6.45.\lPa, and 0.085 I s, a single
power burst with a reactor period of about 4.3 ms and a peak power of about 13 000 N!W was perforrred.
-\ reactisity ba!ance method was used to initiate the power burst. This method presides assurance that the
control arid transient rods base not been grossly mispositioned and no potentially dangerous reactisity
additien can be made. The reactisu) balance method is depieted in Fieure 5 and included the following
sequence ot esents:

(1) The control rods were unhdrawn from their scram positions (Figure 5a) until criticaiity
was achiesed at about 100 W and the low power stoical position of the control rods was
determineJ (Figure 5bt

<
.
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TABLE III

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

Elapsed
Operating Time Duration ~.teactor Power

(minutes) (minutes) ( M'J) Operation

-- -- 0

23 23 0 to 7.6
27 4 7.6 ~

f38 11 7.6 to 12.6

i
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 5 21.3
78 8 21.3 to 25.2
91 13 25.2
95 4 25.2 to 26.8

215 120 26.8
255 40 26.8 to 1.8
259 4 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 3 25.8 to 25.3
522 3 25.3

525 3 25.3 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 0
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(2) From that position the control rods were further withdrawn until a reactor transient
period of about 10 s was achiesed. 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 postien calculated for the reactisity
insertion required for the power burst (Figure 5e).

(4) The control rods were then withdrawn again to reestablish criticality at a low power lesel
(Figure 5d). The reactisity inserted by the withrawal of the control 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.

(5) The control rods were adjusied to the withdrawal position for the desired reactisity
insertion.

(6) The transient rods were then fully inser:ed into the core (Figure 5e).

(7) To initiate the power burst, all four transient rods were ejected at a selocity of about
953 cm s (Figure 5f). The power burst was self-terminating by the Doppler reactisity
feedback which is capable of terminating the burst without primary dependence on
mechanical systems. All eight control rods were then completely inserted into the driser
core 'o proside mechanical shut down of the reretor.
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IV. INSTRUMENTATION AND MEASUREMENTS

Instrumentation for Test RI A 1-2 was selected to aid in determining test rod response characteristics and
failure mechanisms during the RIA esent. Fuel rod instrumentation monitored test rod behasior. lest
tram instrumentation measured the temperature, pressure, and solumetrie flow rate of the coolant, the
local neutron dux, and the test rod claddmg elongation. Plant mstrumentation was used to proside reactor
power information and indication of test rod failure.

1. FU EL ROD INSTRU M ENTATION

Rod 802-1 was instr miented to measure the internal gas pressure, eladding surface temperature, and
cladding elongation. Rod 802-2 was instrumented to measure the internal gas pressure, eladding surface
temperature, plenum temperature, and eladding elongation. Rod 802-3 was instrumented for eladdmg
elongation, and Rod 802-4 was instrumented to mea 3ure the internal gas pressure and e! adding elongation.

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

(1) Two EG&G Idaho, Inc., platinum /10% rhodium-platinum, Type S thermocouples with
spaded junctions, titanium 3heathings, and magnesia insulation were resistance welded to
the cladding outer surface of each of Rods 802-1 and 802-2. One thermocouple
(CLAD TN1P 46-18001 and CLAD TNIP a6-IS002) was located 0.46 m from the bottom
of each fuel stack and ISO-degrees from the center of the test train assembly. The other
thermocouple (CLAD TNIP 79-0 01 and CLAD TNIP 79-0 02) was located 0.79 m from
the bottom of each fuel stack and 0-degrees froni the center of the test train assembly.

(2) A 6.9-NIPa Kaman Sciences Corp. pressure transducer was mounted on Rod 502-1
(ROD PRES 6.9KA 01), and a 17.2-NIPa Kaman Sciences Corp. pressure irrnducer was
mounted on each of Rods 802-2 (ROD PRES ITKA 02) and S02-4 (ROD P'<ES 17KA 04)
to measure red internal pressure in the upper plenum.

O) An EGA G Idaho. Inc., Chromel-Alumel. Type K thermocouple with stainless steel
sheathing and magnesia insulation (PLNNI TN!P 02) was located at the centerline of the
sprmg in the plenum region of Rod 502-2 to measure the plenum gas temperature.

2. TEST TRAIN INSTR U M ENTATION

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

il) \ Flow Technology. Inc.. turbme flow meter < FLOWR ATE INI.ET OX) was moumed at
the mlet of each test rod shroud to measure the cooiant flow rate m each shroud.
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(2) A 69-NIPa EG&G Idaho, Inc., pressure transducer (SYS PRES 69EG UTT), a l'.2-NtPa
Kaman Sciences Corp. pressure transducer (SYS PRES 17KA UTT), and a 17.2-NIPa
Schaesitz Engineermg pressure transducer tSYS 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-NIPa Kaman Sciences Corp. pressure transducer (SHRDPRES 17KA OX) was
connected with tubing to the interior of each test rod shroud at the axial peak power
location to measure pressure pulses generated by test rod failure.

(4) A Control Products Corp., Chromel-Alumel. Type K thermocouple with stainless steel
sheathmg and magnesia insulation <!NLT TNIP OX) u as mounted at the inlet of each test
rod shroud to measure the coolant inlet temperature.

(5) A Control Products Corp., Chromel-Alumel. Type K thermocouple with stainless steel
sheathmg and magnesia insulation (OUT TENIP OX) was installed at the outlet of each
test rod shroud to measure the coolant outlet temperature.

(6) A pair of Control Products Corp., Chromel-Alumel, Type K :hermocouples with
stainless steel sheathing and magnesia insulation (DEL TE.\tP OX) measured the
temperature rise in the coolant from the test rod shroud inlet to the test rod sh oud outlet.

17) An EG&G Idaho, Inc., linear sariable differential transformer. LVDT, (CLAD DSP OX)
was mounted below the lower end of each test rod to measure the cladding axial
elongation.

(8) Ten ARI Industries cobalt self-powered neutron detectors, (SFNDs) were installed in tv,o
sertical columns, ISO-degrees apart in Quadrants I and 3, to measure the relative neutron
flux. The detector midpoints in each quadrant were located at an eiesation of 0.09
iNEUT FLX 9-Q1 TT and NEUT FLX 9-Q3 TT),0.27 (NEUT FLX 27-Q1 TT and NEUT
FLX 27-Q3 TT),3.46 tNELT FLX 46-Q1 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 S2-QI TT and
NEUT FLX S2.Q3 TT) abose the bottom of the fuel stacks.

(9) A tlux wire was placed ISO degrees from the center of the test train on the outer surface of
each test rod shroud to measure the integrated neutron ilus. During power calibration and
fuel rod eendition:ng, tlus wires with matenal compositions of 0.5170 cobalt and 99.agro
aluminum w ere used. Before :he power burst, those wires were remos ed and replaced with
100% cobalt flux wires.

3. PLANT INSTR UM ENTATION

The Fisnon Product De:ee:ian System iFPDS) was designed to mthdraw a continuous sampie stream
' rem :he .colant ' cop near :he IPT outlet and momtor the ampie stream for : men precue:s (nat would
'nd:cate :esi red failure. Prior to Test Rf A 1-2, the '.6- by .6sm Nal .: s:al;amma ras detec:or used to
mea 3ure me ef fectis eness et the shieldmg :or :he 2.5- by 3.S-em Nai . > stai gamma ray Je:ec:or was
remosed and a new Nai detector was mstalled oser :he eut spool piece :n the reaeter p:pmg :unnei. The
FPDS :neludes seme housekeepmg measurements such as temperatures and f!cw rates, but enis :he : ssion
produc; detectors are de>enbed. The measurement ident:fiers are gn en :n parentheses. The las: tw o
.narae:; s or :te measurement denufiers indicated an FPOS measuiemen: witn :ne character, FP

i!i One 2.? . b3 4-em N,21 ry stal pmma ra) -jee; tor was piaced .n a sh:e!ded housing and
u!!ed .n he secend basmem of he rea; ce bu:lding :o Jeerm:ne -he backg ound

On produ;' re:ea e and gamma , ont rate Jur'ng anc arerpmma ;Nnt ate ee: ore : m

On p edo. TebJ-e. Ibe J nU! from This de! a:Or wa3 'cd tr.;o tw o mg.e Cnannei
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analyzers. One analy zer (FP G ANINI A NO.1 FP) measured the gamma-ray intensity in the
150- to 3400- kev energy range and the other (FP GAN1NIA NO.3 FP) measured the
gamma-ray intensity in .he 3400- to 6300-kev energy range.

(2) One 2.5- by 3.S-em Nai crystal gamma ray detector (FP GANINI A NO.2 FP) was placed
in a shielded housing and installed oser the exit spool piece in the reactor piping tunnel
located between the ground level and the first basement of the reactor builjing. Ti.is
detector determined the background gamma count rate before fission product relea3e 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.

One BF delayed neutron detector (FP NEL'T FP) was ir. talled in the second basement ofU) 3
the reactor building to detect delayed neutrons in the sample stream.

Four ionization chambers presided driser core power information during the power burst. Figure ~
shows the reactor core location of the ionization chambe:s. These ionization chambers are sensitise to
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.

an.ma and neutron radiation md produce current outpua prepo.monal to :he number of neutrens o-
ammas per second whien ion:ze the gas :nside the chambers. The measarement :denttiers the e.

;ns:rumenh are meluded in parentheses. The !ast :wo characters of :he measuremem i,.cntifitri mJi. ed a
riant instrumenta: ion measurement with the charae:ers PT.

(1) Two W estinghouse E! ectr:t Corp.. WL31991, nitrogen tilled, ionization chambers, TR 1
tREAC POW 50TRIPT and REAC POW 50KTRIPT) and TR-2 (REAC POW 50TR2PT
and REAC POW 50KTR2PT), designed to measure power bursts to 32 GW, are 10eated
outside the reactor core barrel.

(2) Two Westinghouse Electrie Corp., WN-31845 esaeuated ionization chambers EV-1
(REAC POW 50EVIP F and REAC POW 50KEVIPT)and EV-2 (REAC POW 5JEV2PT
and REAC POW 50 KEV 2PT). Jesigned to measure high power bursts to 200 GW, are
located in the south and north corners of the reactor core support structure.

.

16

T' f3 O ,
'!_UJ'



,

V. DATA PRESENTATION

The data from Test F.lA l-2 are presented with brief comment. All the data in this report were resiewed
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 the output from any instrument making a duplicate
measurement. Processing analysis was done to obtain the appropriate engineering units and to determine
data offsets from the calibration data. Appendix A describes the methods used to determine the

~

adjustments that have been applied to the presented data and provides the basis for categorizing the data as
follows:

(1) Qualified engineering unit data (Qualified)- have been verified to represent the variable
bemg measured within specif:ed 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 t'ut probably not for numerical analyses

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

All detector analog output was digitized and recuided by the PBF data acquisition and reduct on systemi

(PBF/DARS). The PBF/ DARS tape recording system was configured to record at four different
bandwidths:

.

de to 10 Hz
de to "X) Hz

~

de to 5 kH.
de to 20 kH..

Table IV lists all the measurements included in this report and specifi i the type, range, and location ot'
the recording instrument, the PBF/ DARS recording bandwidths, the nequency response of the recording
instrument and the PBF/ DARS, the figure numbers for the data plots, and the qualification category of
the data.

The power burst dat are presented in the subsequent pages of this report. The power calibration and
preconditioning data are included on the microfiche attached to the back cover of *.his report.

Appendix B prerents an analysis of selected data for use as a guMe o., the uncertainty associated with
data measurements in the PBF system.

''
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APPENDIX A

POSTTEST DATA ADJUSTMENTS AND QUALIFICATION

N1any of the instrumenta ion transducers m d during the conduct of an experiment at the Pov,er Burst
Facility (PBF) are recogn zed to hase roponded erroneously, in varying degrees, to extraneous
ensironmental stimuli such a pressure, te nperature, neutron flux, gammr radiation, vibration, and
mechanical strain. In addition, u.. % acqui3ition and recording system (DARF) and the signal
conditioning equipment may also have cor!ributed unwanted or distorted signals to the measurement
channel w hile the transducer output was being processed and recorded.

Although the errors introduced into the data by these spurious secondary inputs generally do not exceed
the specified error ranges of the transducers, significant improsement in raeasurement accuracy can be
achiesed if the secondary sensitisity can be identified and removed. Since the exact values of the spurious
inputs to which different transducers might be sensitise cannot be easily predicted and are sometimes
inconsenient to measure, secondary effects has e been accounted for by correcting the data after the test.

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

lF (t) = [F(t) - A]B

w here

lF (t) corrected engineering unit salue at time T=

F(t) measured eagineering unit value at time T=

total offset correction form mitage insertion calibrationA =

B electronic gain correction.=

The salues for A and B are gisen in Table A-L

f. . acquired at the PBF during the performance of the Therma! Fuels Behavior Program testing are
appraised by a data integr:ty review committee for quality and salidity. The appraisal process determines
whether the measurement channel output represents the phenomenon being measured. The data resiew
and examination process ascertains that verified calibration equations hase been applied and that offsets
and corrections hwe 2!so been appiied to remose any identifiable spurious secondary effect3 from the
data. As a result of the resiew and examination oy the resiew committee, each measurement is assigned one
or more of the following classifications as a function of time.

(l) Qualified engineering unit data (Qualified). These data represent the phenomenon
measured within the defined uncertainty limits. Data must meet the following criteria:
(a) serified calibraticas and all corrections hase 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, (c) serified engineering unit eon-
sersion equations base been applied, and (d) uncertainty limits hase been established and
can be serified.

(2) Restrained. These data represent the phenomenon measured with one or more of the
following constraints: (a) serified calibrations have been applied but not all corrections
have been made, (b) offsets and corrections cannot be adequately determined, and
(e) uncertainty limits hase been established but cannot be adequately s erified.

,
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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 6K 1.0008

CLAD TMP 79-0 01 -3 K 0.9941 3K 0.9941

CLAD TMP 46-18002 -3 K 0.9995 15 K 0.9967

CLAD TMP 79-0 02 -13 K 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. 933 0.316 MPa 0.9882

PLNM TMP 02 Failed Fa iled

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

_3'hb |FPa{ O' jSYS PRES 69EC UTT -4.2 MPa 0.9960
.

SYS PRES 17EA Urr -1.32 MPa 1.0034 -1.25 > Tag 1.0014
-1.36 MPa 0.9960

cSYS PRES SCHAVUTT 1.62 MPa 1.2153 -0.07 MPa 1.2075
1.55 MPab 1.2189

_f,.f6 PagSERDPRES 17KA 01 -3. 84 MPa 0.9916 -
.

q

3S ERDP RES 17KA 02 1.56 MPa 0.9442 1.63 MPa 0.0351
1.66 Stab 0.9273

S ERDP RES 17KA 03 5.07 MPa 0.8957 3.04 MPag 0.9995
3.05 STa 0.997a

-3.5g a{ ._g 7S HRDP RES 17KA 04 -3.66 MPa 0.9929

~ ^
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TABLE A-I (continuedi

Power Calibration
and Preconditioning Power Burst

Measurement _ A B A B

TEST TRAIN (continued)

INLT TMP 01 -l K 0.9953 5K 0.9062

INLT TMP 02 9K 0.9933 6K 1.0000

INLT TMP 03 -1 K 1.0000 1K 1.0047

INLT TMP 04 4K 1.0000 4K 0.9972

OUT TEMP 01 -1 K 1.0038 6K 1.0038

OUT TEMP 02 4K 1.0000 1K 1.0000

OUT TEMP 03 -1 K 1.0009 9K 0.9972

OUT TEMP 04 5K 0.9991 3K 0.9991

DEL TEMP 01 0.55 K 0.9471 6K 0.9482

DEL TEMP 02 - 1. 2 7 K 1.0000 -0.21 K 0.9524

DEL TEMP 03 -0.28 K 0.9983 0.14 K 0.9851

DEL TEMP 04 -0.61 K 1.0049 --0. 91 K 0.9969

CIAD DSP 01 -5.75 mm 0.9911 -5.53 mme 0.994"
-5.75 mmd O.994/

CLAD DSP 02 -5. 90 mm 0.9960 -5.75mmj 0.9038
-5.93 mm 1.0004

C
CLAD DSP 03 -3.87 mm 1.0076 -5.57 mm 0.9934

-5./7 mmd 1.0022

CLAD DSP 04 -3.18 mm 5.57mmy5.57 =m

NEUT FLX 9-Q1 TT 0 1 0.1 im A 1

NEUT FLX 27-Q1 TT -0.1 Log A 1 0 1

NEUT FLX 46-Q1 TT 0 1 0 0.9877

NEUT FLX 64-Q1 IT 0 0.9938 0.1 Log A 1.0127

NEUT FLX 82-Q1 TT 0 1 0 1

m . ,
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TABLE A-I (continued)

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 Log A 0.9756

NEUT FLX 46-Q3 TI 0 1 0 1

NEUT FLX 64-93 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 50KIR2PT -0.22 CW 1.0022

REAC POW 50EV1PT -0.09 MW -0.9991

REAC POW 50KEVIPT 0 1.0002

REAC POW 50EV2PT 0 1.0017

REAC POW 50 KEV 2PT -0.24 GW 1.0059

a. 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,

b. The data were recorded at two different bandwidths. The specified
constants were used to correct data recorded at a bandwidth of
10 Hz and presented in a -1 to 5 1 plot,

c. The data were recorded at two different bandwidths. The specified
constants were used to correct data recorded at a bandwidtn of
5 kHz and presented in a -0.1 to 0.3 s plot.

d. The data were recorded at two different bandwidths. The specified
constants were used to correct data recorded at a bandwidth of
10 Hz and presented in a -5 to 40 s plot.
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(3) Trend. These data have been verified to represent the relatise changes in the phenomenon
but do not necessarily represent the absolute level in the measured 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, (c) uncertainty limits cannot be adequately quantified,
(d) transducer performance is questionable but relatisely 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 appropriately filtered, and (d) relatise
uncertainty limits have been defined.

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

,3 q r.+
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APPENDIX B

UNCERTAINTY ANALYSIS
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APPENDIX B

UNCERTAINTY ANALYSIS

To proside a guide to the uncertainty associated with data measurements in the PBF facility, three possi-
ble sources of data measurement uncertainty wer: analyzed for Test RI A 1-2 data - conversion to engineer-
ing unit uncertainties, bias uncertainties for the applied offsets, and random sariations 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 lesels in the Test RIA 1-2 data.
The uncertainty values ( 20) given in Table B-1 are the upper and lower limits for a 95ro confidence level.

(l) Conversion to Engineering Unit Uncertainties. During the calibration and des elopment af
engineering unit consersion polynomials for each instrument, the standard deviation (c)
for a measurement was determined. In the first column of Table B-1, an uncertainty value
of 2 2c is given for each measurement.

(2) Bics Uncertainnesfor Applied Offsets. All data in this report were reviewed to determine
the quality and validity 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 curse was segmented and each segment was
empirically fitted with a linear difference equation to characterize the w hite 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 desiation of the
white noise as derived from the fitting procedures was used as an estimate of the standard
deviation for the random uncertainty. I'pper and lower uncertainty bands for a 95ro con-
fidence lesel hase been plotted and regesent uncertainty values of 2 2c. Since the uncer-
tainty bands were found to be small, they are presented in this appendix in Figures B-1
through B-22 without the corresponding data w hich fits inside the uncertainty bands. The
random uncertainty obtained from the original data is not salid for any filtering process
applied to the original data. The Box-Jenkins analysis method has a tendency to refleet
the total noise content of the data that originated from sample repeatability, electrical
noise, the measured event, and extraneous phenomenon occurring durine the test. To
rigorously characterize the separate random compncnb of a tueasurement would be dif-
ficult. a!! hough une or more of these components could possibly be filtered from the noise
w hich was used to determine the random uncertainty.

(4) Excluded Uncertainties. Other random and systematie 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 errecs to analyze and will probably newr be rigorously
presented in an experiment data report (EDR). A detailed and comprehensise 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 Behasior Program.

.71
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TABLE B-I

MEASUREMEhT UNCERTAINTIES FOR TEST RIA 1-2

Fi gure
Engineering Unit Bias for Showing Random

Conversion Applied Uncertainty for
Measurement Uncertainties Offsets Selected Data

FUEL ROD

CLAD TMP 46-18001 + 1.06 K + 2K 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 01 + 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 01 + 0.00124 1/s + 0.002 1/s B-9

FLORRATE 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 69IG UTT NA + 0.01 MPa

SYS PRES 17KA UTT NA + 0.05 MPa B-ll. B-12

SYS PRES SCHAVUTI NA + 0.05 >Ta
SHRDPRES 17KA 01 + 0.149 MPa + 0.05 "P2 B-13, B-14

SHRDPRES 17KA 02 1 0.145 MPa + 0.05 STa B-15, B-16

SHRDPRES 17KA 03 + 0.176 MPa + 0.05 MPa

SHRDP RES 17KA 04 + 0.094 MPa + 0.05 MPa
INLT TMP 01 + 1.47 K +2K B-17

INLT TMP 02 + 1.47 K +2K B-18

INLT TMP 03 + 1.47 K +2K

INLT TMP 04 1.47 K +2K+

OUT TEMP 01 + 1.47 K + 2K B-19

OUT TEMP 02 + 1.47 K +2K B-20

OUT TEMP 03 + 1.47 K +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 + 0.92 K + 0.1 K B-21

DEL TEMP 02 + 0.0578 K + 0.1 K B-22

DEL TEMP 03 + 0.174 K + 0.1 K

DEL TEMP 04 + 0.527 K + 0.1 K

CLAD DSP 01 + 0.18 mm + 0.1 mm

CLAD DSP 02 + 0.18 mm + 0.1 mm

CLAD DSP 03 + 0.18 mm + 0.1 mm

CLAD DSP 04 + 0.18 mm + 0.1 mm

NEUT FLX 9-Q1 TT -- + 0.02 ma

NEUT FLX 27-Q1 TT -- + 0. 02 ma

NEUT FLX 46-Q1 Tr -- + 0.02 ma

NEUT FLX 64-Q1 TT -- + 0.02 ma

NEUT FLX 82-Q1 TT + 0.02 ma---

NEUT FLX 9-Q3 TT -- 1 0.02 ma
NEUT FLX 27-Q3 TT -- + 0.02 ma

NEUT FLX 46-Q3 TI -- 3 0.02 ma
NEUT FLX 64-Q3 TT -- + 0.02 ma

NEUT FLX 82-Q3 TT -- + 0. 02 ma

PLANT

REAC POW 50TRIPT -- + 0.1 MW

REAC POW 50KTRIPT -- + 0.1 GW

REAC POW 50TR2PT -- + 0.1 MW

REAC POW 50KTR2PT -- + 0.1 GW

REAC POW SOEVlPT -- + 0.1 MW

REAC POW 50KEVIPT -- + 0.1 GW

REAC POW 50EV2PT -- + 0.1 MW

REAC POW 50 KEV 2PT -- + 0.1 GW

1 'i<"
69 ; i '~



.

i , e i1700

CLAD TMP 46-18001
~

teco - -m
M
w <

E saco - =c --

:s
a

E
g 1100 - -

'

E
<o

, 000 - -

= ,

C
:g 7eo . .

t
.a..

'

o 30g _ _

,

1
>

mo-- , . . .
05 o 0.5 1 1.5 2

Time after peak power (s)
Fig. B-1 Uncertainty banJs for 'he madom sariation component of the measurement uncertaint) for the Rod 802-1 cladJang
surface temrcataic at an ciesanon of 0.46 m abose fuel stack bottom (CLAD TN1P 46-18u01L from -0.5 to 2 s.

gg i e i i i

CLAD TMP 46-18001<

g 1300 - f -

-

o
L

U 1100 -a
-

e
L
o

* -
C

-

. ,

. .C.
700 - -

t
a
m

o 500 - -

-

mo , , , , .

-5 o 5 10 15 20 25
Time after peak power (s)

Iy B2 L ncertacu s banJs fc the randem sariation wmponent at the n:casuren cn! onsertamts :or the Red W -l JajJ;ng
sur'a e temperature at an etes anon of 0 a m anose f uci s:as k bettom tti \D T\1P 46-l %! L trom -5 ev 25 s.

~o



.

i i , ,
3300

CLAD TMP 79-0 01
4

Q 1300 -
-

w

e
L

U 1100 - -

a
m
L
0
c.
E Soo - --

o
a .

-u
.C 700 - -

.

e
t
c .e: : :-

o 500 -

.

d

300 , , , .

-05 0 OS 1 15 2
Time after peak power (s)

Fig. B-3 Uncerta:nty bands for the random sariation component of the measurement uncertainty fer the Rod 3021 cladding
surface 'emperature at an elesation of 0.'9 m abose fuel stack bottom ICLAD TMP 79-0 01), from -0.5 to 2 s.

, , , , ,3300
4

CLAD TMP 79-0 01

Q 1300 - -

-

0 1
4

: 1100 J A
E J %

N''
*

,
-

i
G 900
-
o
" s

le
C 700 - L
:: L

'= L r.

2 T
' io 500

l
i
4

I i I I I 'T
-5 0 5 10 15 20 25

Time after peak power (s)

Fig B-4 Lncertairts binds for the random sariation componer.t of the measurement uncertainty f or the kod s02-1 Ja.1J:ng
surf ace temperature at an eles ation of 0 ~9 m abose f uel stack bottom tCLAD TMP '94 01). f rom -$ to 25 s

, ,,

\

w Y



.

.

, , , ,

37 0 o
.

CLAD TMP 46-18002
.

1500 - -m
M
w

'o
s 1300 - -

:s -

a

2
-

-

g 1100 -

E, 900 -
- -

. .

-a
.

u .

C
:5 700 -
t
a
a _-

.

300 .

.

.

300 , , , .

-45 0 04 1 1.5 2
Time after peak power (s)

Fig. B-$ Uncertaint) bands for the random sariation component of the measurement uncertainty for the Rod 802-2 Jadd:ng
surtace temperature at an elesation of 0.46 m abose fuci stack bottom (CLAD TNtP 46-1M2). from -0.5 to 2 s.

' ' ' ' '1500

CLAD TMP 46-18002

Q 1300 - 4 -

\-

o x' %
3 1100 - -

a
P %
5 V
c.
C 000 - -

.

o
a

e LC 700 -
::
v

e
-m ,_

__

,

a 300 _ _

300 , , , , ,

-5 0 5 10 15 20 25

Time after peak power (s)
Fig. B.6 Uncer:aints bands for the random sariation component et the mea'urement uncerta:nty f or the Rod *02 2 ciadding
surf ace temperature at an clesation at 0 a6 m abose fuel stack bottom 101.\D TNtP 46-1 v>C1. trem -5 to 25 s

72

.-

i ! .)I'



.

' ' ' ' '1500

CLAD TMP 79-0 02

Q 1300 - -

w

e
L

U 1100 - -

m
k /o
c. -

p 900 - / -

-
o
a

e
.C.

700 - G =

-
-t

t
n
-

o 500 - -

.

.

300 -
, , , .

-0.5 0 0.5 1 1.5 2
Time af ter peak power (s)

Fig. B? Uncer:aint) bands for :he random sariation component of the measurement unecrtainty for the Rod 402-2 cladJ:ng
surface temperature at an elesation of 0.79 m abos e fuel stack bottom iCLAD 1 StP '9-0 021. from -0.5 to 2 s.

1300 i , , , ,

CLAD TMP 79-0 02

Q 1300 - -

w
-o

L

U 1100 -a
m
6 %
o
c.
; 900 - -
-

,1
o

y-

u
C 700 - | -

5 4
--

.

--m .,

o 500 - -

4

300 i , , , , ,

-5 0 5 10 15 20 25
Time af ter peak power (s)

ry n4 t neenainn ranas wr me ana.,m saranon compone,i o. :ne measuremen, un ena nis for me goa sn2 2 aan. .
s Grf a%e temperat uTe at an ett's a!!en Of (f.'O m abos e f uel slack bef om (Cl..\D T Nt P '9-s tif2). t rorn ' to 25 s

7_I

,



.

' ' ' ' '0.30
.

FLOWRATE INLET 01
-

( 0.25 4 -

-
m

o
a
m 020 - -

L

?
o -

C 0.15 - -

.O-
L

T 0.10 -
- = - - = = = = " -"- -

'

p *
-
c
-

.0 0.05 -> l
-

,

P

0.00 , . . . .
-2 0 2 4 6 8 10

Time after peak power (s)

Fig. B 9 L~ncertainty bands for the randorr sariation component of the measurement uncertainty for the coolant now rate at the
Rod 5021 shroud inlet (FLOW RATE INLET 01L

' ' ' ' ' ---0.30
>

FLOWRATE INLET 02
-

k 025 - -

-
-

o 1

020 1
s
m
L

-

'

3 -

c
C 0.15 -

.O-
u ~

a
e 0.10 -

_ /%
-

-- -- - - _ -__ -.

_ - _ - - - - - - - - - - - - - - - _ - -

p _ -a
- y ,

s
-

0 0.05 ->

>

0.c0 . , , . .

-2 0 2 4 0 J 10

Time after peak power (s)
F'g B-In L atertaints rands ter the rarJom sarut:on component o' the measurement ancertain:) f or the coolan: now rate a! the
Red sC: hraud .r.iet iF L OW RAT E INLET J:L

i

I)''71 '



.

.

i i , i

9|
I SYS PRES 17K A UTT
I

1-

Ac 81 .

*

O
e
v

e
L
3
n'n'
0

7J
-

-

-

-

e I-: >
.= b0
A 6- [

L
-

< 1
,

,

1 h
' I

>

|
.

I i
5 , , , ,

-01 00 01 02 0.3
Time af ter peak power (s)

Fig B-Il Uncertainty bands for the random sariation component of the measurement uncertainty for the absolute system pressure
in the upper test train (S) S PRES l'K A UTT). from 01 to o.3 s.-

' i i i ,9
,

SYS PRES 17K A UTT
>

1-

e: 4
n |

C 8* ~

<
>

's
i:

- ,n
o e

fC 7 --
-

c., ,~ m ~~
-j ~% ~n

4, ;' ~~2:1
_

-- ,
_o _

,

I i-
4 ~C

% 6- [
-

i< r
i, L

P

l

1 r
5 , , , , ,

-1 0 1 2 3 4 5

Time af ter peak power (s)

F ig B-12 Unesta:nn t'arids for .he ranJom sarianen component of the measurement uncertainn for the absolute spiem preuure
in the upper test train ISYS PRES l'K \ L TTi, from -1 to 5 s.

.
>,n'

'
f

,
g

' l i s.)



.

.

, , ,,

SHRDPRES 17KA 01

n
as
a 8-
2

-

v

o
s

'p

b- -

'

7

a
~- .e

a
c
-

j e- -

4 -

. .

4 -

5 e , , .

-0.1 no 0.1 02 0.3

Time after peak power (s)
Fig. B-O L neer;ainty bands for the random sariation component of the measurement uncertainty for the absolute pressure in the
Rod 502-1 shroud (SHRD PRES 17K A 01), from 4) I to 0.3 s.

e e n n eg a

SHRDPRES 1?KA 01

n
es
a -8-2
v

o -

L
c
o
e
O 7
L
a N-

__ -

_c ,M -R -

a
c
-

@ e-.o
-

<

s , , , , ,

-1 0 1 2 3 4 5

Time after peak power (s)
F ig B-!4 Uncertainty bands f or the random .ananen somponent of the mea'urement unmerfanty f or the aholute pre are :r the
Rod *02-1 trood nHRD PRI.S l K.\ Olt f rom -1 to 5 s

't ;5 N o76 /
~'

, ; i : o
a



.

.

t | f

| SHRDPRES 17KA 02

-
-n

C' 8-
|2
v

v
6

'

3
p , .

G 7 -

6 _. _

a
- _

a
3
-

fe- -

< -

-
.

.

S , , ,

-0.1 0.0 0.1 0.2 M
Time after peak power (s)

Fig B.15 Lncertainty t' ands for the random sariation component of the measurement uncertainty for the absoiute pressure m the
Rod 8C2 shroud iSHRD PRES 17K A 02), from -0.1 to 0.3 s.

i i i e ig

S:1RDPRES 17KA 02

n

ce
C.

-8*_
4

*w

e .

L
.

3 .

m
W
0

5. 7 - MD%
- -

~

/7 m_ - _

_ _

- _ _ _ -e
] J

__ --I-
o r
- i

0 Im e- -.c .

< 1 i
i I
l I
, -
1 i

5 , , , , , ,

-1 0 1 2 3 4 5

Time af ter peak power (s)
F.s B-16 Uncertaint> bands for the randi'm sariatien component of the measurement un. riainn for the absolu:e pressure in the
Rod SC2 shroud (5H RD PR ES l'K A C, frem -l to 1 s.

--

8

1 | I
s



.
.

,a I- m I. I2 m i . 6 i. 4 , a I. .I- m I. I . m !- Ii =g,

4

INLT TMP 01

-n

E 575 - .

o
L
c
a -

es
s -

$ 550 - _
__ p - - 2',;- - .; :-J -

E
q_ _ _ s' - .:' , - ; :

*
-

T
a smug >

2 525 - -

% -

4

r g' r

| '
r

[ '
r gi r g= r gi r gi g, ,gi , , , , , ,

-5 0 5 10 15 20 25 30 35 40 45 50 55 00
Time after peak power (s)

l i g . Il- l * Uncertainty bands for the randorn sariation component of the measurement uncertainty for the coolant terr.rerature at
the Rod x02-1 shroud inlet (INLT T\tP Oli

g - i. i , . i . . I. i. . i. .i. . !, .i ., .i, ,i,

INLT TMP 02

-

E 575 - _

e
L
c
- .

P
-

E 550 - .

"
E ~ .

*

t
. .

2 525 - .

w
,

' r g ' 'g' r gi g= r g i
r gi e gi , g, , , , , , ,

-5 0 5 10 15 20 25 30 35 40 45 50 55 00
Time after peak power (s)

1 :. 11- 1 - t n,enamts bands for the random sar:arion somponent of the measurement anceria nts f or the soalart temperature at
the Rad *02-2 shroud mlet (INI * T\lp U21

$ #.f 4

78 i - -
.



.
.

. I. l. .l. .l. .t. .f. ., f . .l. .,. .f . .l.

OUT TEMP 01

.

C 575 - -

o
L
3
a
e
L ::

E 550 - .

n: ---__g
-
* # 94
3 M >

2 525 - -

w
.

d >

"| ' "g' '| ' r g i r gv r gi r gi r gi ,gi r gi r gi , i

-5 0 5 10 15 20 25 30 35 40 45 50 55 00
Time af ter peak power (s)

Fig. B-19 Uncertaint) bands for the random sariation component of the measurement uncertaint> fer t.ie coolant temperature at
the Rod 802-1 shroud outlet (OUT TEMP 01 L

wo 4 . . . . .. .. ... .. , ... .. .. .... ... ...

l

1 OUT TEMP 02

-

3 575 - .

o
L '

c

"c (
- -

-w- __-

..

g ,a _ r
_

_
P

b "
" w

>

t
.

7
.::: 525 - -

L -

I

500 . .. ., . ... ,,. ., ... ., ,,. ,. .,. . ,. .,.

-5 0 5 10 15 20 25 30 35 40 45 2 55 00
Time after peak power (s)

f 4 B-20 Uncertaints bands ter he random sarianon componen: ef the measurement uneenaints for the soolant tempera:are at
the kod 402-2 shroud oudet iOL T TEM P 02)

79

|

-



.
.

.I. I= .l. .1. .l .| . .l .I. .I. . I. . l. . f.

-

DEL TEMP 01
-

In

x 20 - -w

o .

L
3
% 15 - -

u
o -

c. .

E
-

10 - -e
a

..n . .

a 5-g -

o -L

d ~

--- J5 0- -

c .- .

.

.

*
.gi .gi .gi .gi .gi r g. r g. r gi .g. r g r gi r gu

-5 0 5 10 15 20 25 30 35 40 45 50 55 00

Time af ter peak power (s)
lig. Ib21 Unserta:nty t' ands for the random sar:ation component of the measur. ment uncertatan f ar the ecolant temperatare
insrease across the Red 802-1 shroud lDEL TE\1P 01).

.t. .i. .i .i. .t. .i. .n. .i .t. .i. .n. .t.3

DEL TEMP 02
-.

E 20 - -

o
L
c
"n 1. . .

-

u :=_-
o -

c.
<-

h 10 - -

a
.

-

a
:: 5-g
o
6
o
4

h 0- 8 -

o

I
5 ,. .. ... .,. ... ,. ,. . .. . ..

.. ... ... . . .
-5 0 5 10 15 20 25 30 35 40 45 50 55 00

Time af ter peak power (s)
i , a.22 tn o ie n u nds ror the anu.m sa:mi-n o...,.nem .4 the rneamromeni uncer:a:nts rar the .ooiani temperarare
instease as1 A w the R.'J '02-2 eroud iDi l TE N1P 02L

Y u n



.
r

REFERENCE

B-1. G. E. Box and G. .\l. Jenkins, Time Series Analysis - Forecartine and Control, San Francisco:
lielden Day Inc.,1976.

/

81
,' .)


